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ABSTRACT  (C) 


Tb«  Inrvstlgatior.  and  charactarlration  of  tha  saturatad  hydrocarbon 
bindar  daralopad  undar  Contract  AF  0ti(6}l)-10386  for  ua«  in  solid  rocket  pro¬ 
pellants  wre  continued.  Fort^-five  pounds  of  a  sc'condary  hydrojcy  tenninatecl 
Telagen  S  were  dolivered  '.i  Asrojat  and  diaracteriied.  Functionality  c'at'sr- 
■ined  from  tl.e  croeslink  density  of  a  biidar  (1.9)  ie  higher  than  that  dotrr- 
adned  the  molecular  wei^t  to  equiralent  weight  ratio  (1.65).  The  differ- 
etice  uy  be  due  to  nonfunctional  units  i.i  the  prepolymer.  Aluminum  mstal  does 
not  interfere  with  cure  stoichiometry  of  "workhorse"  propellants,  but  the 
interference  of  certain  plaeticizers  was  further  denonstrated.  Binders  w^ra 
made  fron  the  Telagen  S  prepolymsrs  and  characterii.d  by  uniaxial  tensile 
baharior  at  77®F,  stress  relaxation  at  77*  and  150®F,  compreseiw..  after 
seelling  in  toluene,  gel  and  sol  Iructiona,  and  Mooney -Riwlin  constants. 

Linear  relations  weni  demonstrated  bet:«een  the  gel  fraction,  the  Koorwy- 
Rivlin  Cj  constant,  tha  crosslink  densiiy,  and  the  logirithp  of  the  initial 
uniaxial  tensile  mod'ilus.  Swelling  etudiec  in  a  large  nujnber  of  solvents 
indicate  a  C  E.O.  value  of  about  fiO  for  tha  binder.  Propellants  were  rtde  on 
a  UOC-gm  see  la  and  tere  characterised.  The  pressure  exponent  for  bumir^  rate 
was  0.7  for  these  propellants  (88  vt%  solids).  The  rela  ive  viscosity  of 
NH^CIO^-Oronita  6  slurries  was  at  a  minimum  for  an  oxidizer  blend  of  35.80)C, 
32.109^  and  32.109(  by  weight  of  particlea  averaging  6,  lb8,  and  Lil9u>  respect- 
ivaly.  This  blend  was  selected  to  prepare  a  high  solids  loaded  propellant. 

Compatibility  studies  were  extended  tr  include  epoxide  and  aziridine 
'.■uring  agents  as  well  as  isocyanates  and  the  oxidizet  hydroxylamine  perchlorate. 
Hydroxy  aitd  olefinie  functional  groupn  are  compatible  with  "as  received"  UtH-1 
and  -2  and  chrome  coated  Be,  but  carboxy  groups  were  not.  All  these  functior^ 
groups  were  compatible  with  hydroxylamine  perchlorate ■  Isocyanate  was  the  only 
curing  agent  which  is  practical  in  the  hydroxylamine  perchlorate  system. 


UNCUSSIREO 

ArRFL.m^.257 


CF  COtrrSNTS 


I.  imoCOCTION 

II.  OBvECTIVB 
iri.  SUKKARI 

n.  TKHJJiJAL  fROGWES 

A.  Nat«rl tl« 

1.  S4tur4t«d  H7droc4rbon  PripoljiMir 

2.  nnfl4tur4t«d  Prtpclynirs 

3.  CTI 

B.  Fa4at  1 

1.  Introduction 

2.  Rr*polyai»r 

3.  ^  Alundnun  Xatnl  on  Isoc/nnntt  Curixu: 

k.  Kl4stielz«r  Studies 

5.  Binder  Studies 

6,  Ftopellent  Studies 

7.  Impellent  Burnln*  Retes 

8,  MexlKUM  Solida  Loeded  JVopeUent 
C.  Phese  ZI 

l.  Introduction 

2.  Use  of  Model  STstew 

3.  Model  Compounds 

U.  Metliod  for  Studying  Competlblllty  of  r>iele 
with  Model  Compounds 


1 

1 

1 

3 

3 

3 

5 

5 

6 

5 

6 
6 

8 

10 

22 

25 

26 
U8 
hti 
ItS 
U8 
50 


11 


UNCUSSIRED 


UNCLASSinEO 


lABix  cr  corrarw  (cont) 


Studies  of  Kodul  Acid, 
On0atw.tw  tnd  laocyan.!.  Coapounda 
with  Adranead  Fiwlj 

laocyanat#  Compounds 
with  IdTsucso  Fusls  and  Qxldlttrs 

7.  Compatibility  of  Modal  Binder  Componanta  with  HAP 

I»ocyanata  Curing  Syatsm 


UNCUSSiriEO 


UNCUSSIHED 

*rarL.ia^.j57 


Numbtr 

I 

II 

III 
1? 

V 

n 


VII 

Vila 

VIII 

n 

z 

II 

XII 

IIU 

IIV 

rv 

ivi 


TABLES 

a»r«t.rl,.lc,  of  c«ld.t,  P„oo:,«r  S) 

of  Hydrow-T.nttootod  ToUfon  S  Pr.polr»r 
Pfoptrtiaa  of  PolybuUdian*  PTtpolyaars 
RqulTal.nt  Wei^ta  of  Nmf  BatcUaj  of  CTI 
lSff€ct  of  Purifiad  Squalaa,  on  Isocranau. 

-5- 

to^^Sjollln*  OM  th.  Coh.,l«  t„ra  D,™ui.. 

K.chanlcal  Beharlor  of  s  Pfopallant.  at  77^ 

«4*135®r**'  Propallant  Curing  at  110^ 

S:c^rJi»of3^S2-f5; 

of  NH,C10^ 

&5i.“  f“  i^. 

Vl.C0.ltl,.  of  lO.CIO.^oolt.  6  Slorrl..  .t  30“c 

« '“•1 

'"PV”*"!.  1»  Cont«t  with  Ad„„o.d 
I.0C7ui.t.  In  Oont.ct  vllh  lOTTOod 


It 

UNCUSSIFIED 


DN£USSin£D 


mi 

IVIII 

xiz 

zz 

ZZI 

zzi: 

zziii 

mv 


tables  (Coat) 


{%)  of  Bln6ir  Coapon«nt»  on  HAP 

§■3 -•:  KS  ssreirjfT 

s  ssls'ss-t"' 

Miridino  with  Advancad  Fuela  ard  Oxidixar  ^ 

*  Haxanoic  Acid  and 
<T  -2-£th7l«lridij»«  *  Propionic  Icid  oitb  n*p 


UNCUSSIREO 


UNCLASSIFIED 

a?R^tr -66-257 


FIGURES 


Fractions  vs  Moonev-Rlvlin  C  Corstant*  - 
For  Tclagen  3  Binders  »  ^or.stanta 

Gel  Fractions  vs  Crosalirk  r  _ 

Moduli  of  SwoUon  T.lafor  s 

Moor.ey-Rivli;,  Cj  Constant  vs  Crosslink  T!*ns-  tv  frnii- 
Compression  Moduli  of  Svollen  Telagen  S  .Hindoo 

Crosslink  Densities  from  Comcression  Mod-,ai  of 

«  r f  L..11 

at  150-F  (Bir-der  Stress  Rslaxatltm) 

Initial  ModuU  vs  the  Gel  Fractions  of  Telagen  3  Bir.derv 
Imtial  Moduli  vs  the  Gel  Fractions  of  Telagen  3  3indei-, 

bX'J  for  T.lvan  3 

?iiU  Cont-,t  fur  3 

Brookfield  /isconsoer  and  Haake  Rctovi.ko  lUnor^uV 

f  ^A^c”  ^0  the  yiscoaity  of 

NH^-lO^-Oroniue  6  Slurries 

Size  and  Solids  Content  on  the 
Relative  Viscosities  of  MH,C10, -  ionite  6  Slurries 

'll”  ■«’">■=  ‘-f  -f 


13 

Ui 

15 

16 

13 

19 

?0 

21 

27 

31 

32 

33 
3li 
35 
39 


Tl 


liNCLASSIflLD 


UNClASSinEO 


Wujilxr 

16 

17 

18 

19 

20 

21 

22 

23 

21i 

2$ 

2ft 


FICURES  (Cent) 


of  liH^ClO^-Qronito  6  Slmrlti 

Wf«ct  3f  Farticla  Six#  and  Scllda  oa  th#  lUlatiT# 
flBCoaltl##  of  ^osit#  6  Slurri#8 

^  ^  7i8C08lti#f,  nf 

HH^GlO^-Oronita  6  Slurrioa 

Sffeet  of  Puiticl#  Sis#  sad  Solids  on  th#  »#l»tlT# 
▼iscosltl##  of  NH^ClMj-Qtor!*#  6  Slarri## 

*q«*tloa  to  th#  Tlsoositls#  of 
“•4Cl0j-0ronit#  6  Slurri## 


Wf#ct  of  Partlcl#  Sis#  and  Solids  on  th#  R#ljitii# 
?l-cositl##  of  JCI^ClO^-Orcnlt#  n  Slurr^## 


Apn]lc#tion  of  Ellara  Equation  to  th# 
^^Cl^^-Or'^uit#  6  Slurria# 


sooltios  of 


*^^**‘  *^  P»rticls  ^lx«  sod  Solids  cn  tho  Sslsti## 
viaeositi##  of  KB^CIQ^ -Oronit#  6  Slurri## 


P»tru.el#  Sit##  of  HH.CIO^  in  # 
-rljoidsl  Bland  of  l8o^  A#b'ra|t«  Pisrticl*  Six#  * 


0*«-ldquid  Chromatofrran  oi*  th#  FUiactJ  on  Hixturti  of 
n-Butyi'aoc/xnot#  and  2.Jcta;iol  in  Benson# 


las-Idquid  ChroBHtogran  of  l-Benxojrl-2-JSthylai  Irldirv, 
in  B«nntot 


Dbs 

itO 

la 

k2 


U3 


bk 

li5 

he 

U7 

U9 

51 

52 


27 


''wi-^olcl  Chromstogran  of  a  Kixtur#  oi'  1,2-KpoxTCTr^  -  jm 
and  Kaxanoic  Acid  In  Bensen#  am  53 


▼li 


y?CCLASSJn£D 


uneussified 


OLQSSiRT  CF  TERMS 


Anoul  Ith«r  I8i 
Anufll  CD 
B« 

bisa 

•j.p. 

c-1 

6j  and  c, 

Carbowax  6000 
Carbo»a*  20M 

CED 

CoAA 

c.p. 

CTI 

DC  705 
DEA 


Tttraathjrlana  glycol  dijMthyl  other 
OltylBltrila.  product  of  the  Araour  and  Ccap^ 

Bolling  point 
*oon>T-JUTlln  Conatanta 

cSJi  the 

CoheaiTo  Energy  Denaity 
Cobalt  ecetylacjtonate 

Centipoigf 


Silicon  oil,  product  of  Dow  Cheaical  Coiepany 
Dii  thanolanlne 


Di-toport  S 


Diatomaceous  earth  used  for  chrf»i.f _ _ 

P«xi«ct  cr  r  *  K  sci.«ifio  •’■P'”'*' 


DOS 

Oloctyl  aebacata 

DOK 

.  Oioctyl  aielata 

S 

0 

Ittitiai  tmlaxlal  tenaile 

FeAA 

Ferric  acetylacetonata 

zis: 

®**”li'ind  chronatography 

HAA 

Aoatylacetone 

nil 


UNCUSSIFiEO 


UNCUSSIREO 


OLOssint  cr  bub  (cotr) 


Light  Clreo  Oil 


■^g« 


MBMC 
Nlax  0-22 


Vujol 


0roclt«-6 


FhMCO 


S-liil 


Tcitctin  3 


THETM 


RcuMthylttw  diiaocTanatc 

laodacyl  M*rgonat«,  product  of 
tmxr  Industrlta,  Inc, 

Oaiiaral  porpoat  naphthanlo  tjrpa  aeftanar  for 
Moprana  and.  natural  mhbar,  product  of  th« 

Sub  Oil  Comptx^ 

2»4»6-Irl-(2-«athjl-l-aairidinyl)phoaplilna 

miliaqulTalaBta 
MiUlaatara 
KUliuolaa  par  graa 

Molecular  aiara,  UA,  product  of  tha  Linda  Co. 

^  "Rltratoathy  1  S— oitro— RanathjrlearbaBata 

Oibutyltln  dUaurata^  product  of  the 
wion  Carbide  Co. 

Mnaral  oil  (raglatorad  trade  mm),  product  of 
Plough,  Inc. 

Liquid  polylaobutylana,  product  of  the 
California  Chaaleal  Co. 

Hianjrl  isocyanate 

IVwnda  par  square  inch 

Octyl  dlphaxqrl  phoaphato.  orodnet  *f  tha 
Monsanto  Chanical  Co. 

■oBinal  uniaxial  break  tanalla  atrasa 

Moninal  uaxljniB  uniaxial  tanalla  atraaa 

FunrtionaUy-taruln&tad  hydroganatad  polybutadlana. 
product  of  Tha  General  Tire  and  Rubber  Co. 

l>l,l-trl-(nitratu. 


UKCUSSIFIEO 


UNCUSSIFIEO 


QLanAxr  m  mm  (catt 

Otl  frtetion 

Tapor  phu«  »«Hoa»t«r 

CroscUnk  danalt^ 

falazlal  strain  at  tarask 

Maxiaai  uniaxial  strain 

fissositf,  spseifioallf  for  slarriss 

Tiscosity,  •paeifioally  for  liquids 

HalatlTs  Tiacoslty,  ratio  of  T)  to 

ItlcroR 

Toltav  fraction 
Kaxlsua  toIum  fraction 


UKCIASSIFIEO 


COKHDENTiJU. 

imL-TR-^-2S7 

m  DBfiLomirr  no  BTAUUTioir  cp  a  rtdrocarbo!i  bdobr 

FCR  HIGH  ENERGY  SOLID  mOPELLAKTS 


I.  HffROClCTIOH 


Thlt  Is  thfl  sscond  Quartarly  TsehnlcAl  Rsport  subalttsd  in  partial  ful« 
fiUjMRt  of  tha  rsqulranants  of  Contract  AT  0ii(6ll)-llJlil9«  Tha  rsport  oor»«rt 
tha  pariod  lit  Jana  throv^h  13  Saptanbar  1966. 

n.  CBJSCTITS 


Tha  objsetlTs  of  thla  procraa  la  to  forthar  dsTtlop  and  sTaloata  a  solid 
propallant  bindar  aystaa  apaeillcall/  to  asst  tha  aoat  rigid  dananda  of  adranead, 
hi,{h  psrforaanea  solid  roeicat  notora.  Tho  solid  p^pallant  bindar  sjrstaa  eon> 
aista  of  an  isocyanata-ciirad,  aaturatad  hydroearton  prapoljnMr  daTtloped  and 
araluatad  uridar  Contract  kT  0it(6ll)-I0336.  further  dsralopnant  and  STaluatlon 
vill  inrolTs  prcpallant  optiaization,  aaziaiiing  solids  loading,  adaptation  to 
adranead  oxidizers  and  fuels,  and  study  of  tha  anrlrormantal  stability  of  t',t« 
propallant. 

lU.  SOWART 

A.  Forty-firs  pounds  of  a  secondary-hydroxy  taralnatad  Talagan  S  vara 
prepared  by  Tho  Oanaral  Tire  and  Rubber  Coapany  and  dalirored  to  Aerojat-Oaiieral 
Corpontion.  The  unaaturatad  analog  (5  lb)  and  a  earboxy-tanlnatad  polybuta- 
dlano  (5  lb)  with  sisdlar  carbon  backbone  were  aada  arailabla  for  stu^.  These 
wira  charaetarlzad, 

B.  CTI  (1.2  kg)  was  eada,  but  sons  of  it  had  a  low  NCC  assay  xnd  will 
require  rocrystallisation. 

C.  Tha  functionality  of  tha  Talagan  S  was  not  rasolred.  Tha  axpootad 
functionality  (aolocolar  welr/.i  to  equiralont  weight  ratio)  was  about  1.7  and 
lower  than  tha  affoctira  functionality  (froai  eroaolink  drnsity  of  binders)  which 
is  1.9>  IridsTica  was  obtained  that  the  difference  was  the  result  of  non-funo- 
tional  units. 

D.  Iluadnun  ntal  did  not  causa  a  loss  of  isocyanate  functionality 
whan  in  contact  with  KDI.  Tliis  indicated  littlo  or  no  intoi  Turenco  of  aluainue 
with  tha  cure  stoichioaatiy  of  Talagan  S  prcpallants. 

I.  Tha  cure  intarfaranca  index  of  a  plasticiser  was  defined  as 
[l-( isocyanate  ranaioing  in  a  standard  teat  aolution/isocyanata  raaaining  in 
a  control  aoluticn)]  x  100. 
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F.  Th«  e«r«  lnt«rfertno«  index  of  oquAltno  was  lovtred  apprtcia';7jr 
(froa  6o  to  9)  b7  Taewn  oirtillAtion.  A  rodiatiUod  IDP  (Katry  Industrial) 
which  inhibited  the  nire  of  a  Talagan  S  binder  had  a  nsasured  care  izitcrfsr> 
eooe  index  of  UO.  Ameel  09,  olejrl  nitrile^  aeriously  interfered  with  the 
ourinf  of  Tclafen  S-leocyanjite  bindere,  but  the  cun  interferenoe  was  re* 
duoed  bj  pasainc  the  plaaticlxer  throng  a  coluam  of  liliea  gel. 

0.  Amsel  GD  showed  interference  with  curing  of  asiridlae-oured 
binders.  This  indiented  that  the  proble*  of  cure  interference  was  a  general 
one  that  had  f^ne  unnoticed  because  the  effects  of  the  interference  hed  been 
confused  with  plasticising  acticn. 

H.  A  coasiderabls  ntueber  of  binders  was  prepared  and  characterised 
bx  uniaxial  tensile  keharior  at  77*Fj  stresa  relaxation,  oonpreseion  after 
swelling,  gel  and  eol  fractions  and  Mooney-Jlivlin  constants. 

I.  Linear  correlations  were  deaonstrated  between  the  gel  fraction 

and  the  Mooney •Aiwlin  constant,  between  the  fraction  and  the  crosslink 

derelty,  and  between  the  Kooney-PlTlin  C.  constant  and  the  ercselink  density. 

The  croesllnk  densitisi  derlTed  fron  binder  etrees  rolixaticn  aiwl  from  co»- 
pransion  of  toluene  evoUen  binders  were  not  the  sawh  but  were  related  In  an 
approxiinately  linear  manner.  The  log  (E^  -  Initial  uniaxial  tensile  modulus) 
was  linearly  related  to  the  gel  fraction  of  plasticised  binc^er, 

J.  The  evening  of  Telagen  S-iiocyanats  binders  was  studied  in  12 
additional  itolventa.  The  scatter  of  the  data  prevented  exact  deductions,  but 
Aihe  binder  C8D  value  was  in  the  vicinity  of  80. 

K.  Propellants  wer*  . gudied  at  the  UOO-gm  batch  else.  Hydrocarbon 
plaaticiiera  in  p'opellants  led  to  higher  initial  »-.*duli  then  did  ester  type 
plaeticiiere.  for  the  propellants,  an  ICO  to  OH  ratio  of  1.0  and  an  HDI  to  Tfl 
ratio  of  U.O  were  best. 

L.  Although  propellants  were  processed  at  125®F  and  cured  at  13!>®F, 
eome  were  niccessfully  processed  at  110®F.  W'.en  C-1  wse  used  as  a  bonding 
agent,  CoiA  was  net  as  eatiefactory  a  catalyst  as  when  DEA  vae  used.  Pot life 
was  a  problem  at  125®F  but  not  at  110"F. 

N.  Preliminary  burning  rate  etudiee  with  86)1  eollds  loaded  propellant 
Bhowed  a  preeeure  exponent  of  0.7.  This  wae  a  usable  preesuni  exponent,  but 
on  the  high  side. 

N.  The  effect  of  fillers  on  the  relatlTs  vliicosities  of  Iffl^ClO^- 

Qrordte  6  slurries  was  oetartined  for  seas  bi-  arid  IrijBodai  KH.GiO^  particle 
blends.  A  Mend  consisting  of  3S.B0f,  32.10)1  and  32.10)t  by  weight  of  particles 
averaging  6,  lh8,  and  respectively  was  selected  to  be  used  for  a  high 

Bolide  propellant. 

O.  Compatibility  etudiee  were  extended  to  include  ejMxlde  aiid 
azlridine  curing  agents  as  well  as  isocyanates  and  the  oxidizer  hydroxyirnine 
per-chlorste.  For  this  jvirpose  the  X0.I9I  coarfwurids,  n-bntyl  i?fy:yanate,  1,?» 
epoxyc-Tf luheyane ,  l-henuf-yl -.^-ethylazirliine,  prapionj.c  acid,  and  hexjujoic 
acid  were  utilized. 
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P.  CoKpAtiblUtjr  •tudla*  Mito  with  iht  aodal  eea^ewnd*  f«r  th«  piw« 
polTanr  indie«t«d  little  or  no  Intorforono*  of  vmotturotlen  or  hydroiy  funetisnt 
with  *M  roceiTod*  UM-1,  IMU2,  or  cnroM-cootod  borylli'ui.  Howortri  oil 
fnolf  CAufo  tho  loM  of  corboxjr  |trou|>a. 

Q.  Hodol  ooapoueds  with  hydreaqr^  eorboxy  or  uncAturotod  ftaetlcnol 
greapo  vtro  ■toble  in  the  proseneo  of  hydrorylMlrw  perehlcrMtu,  but  furt.h«r 
•tudies  with  ccMbinatlcns  of  functlonol  groupo  wore  bogun. 

S.  Aiiridima  and  epoxy  ■odd  eonpounde  wore  oonpatible  with  UW-l, 
Uf!>2  and  ehroni-coeUd  barylliu*,  but  both  wort  inconpatibla  with  K4P, 

S.  Tho  feoMpatiblUt/  of  a  aodol  isocyamto  curing  srutea  vae  studied 

with  berylliua,  KAP  and  alxturee  of  HA?  and  the  adTar<ced  fuels.  HAP 

was  a  catalyst  for  urethane  foraation.  Leee  urethane  product  vae  detected  in 
the  presence  of  HAP  and  1-butyl  isocyanate  vae  lost  to  aide  reaotime  in  the 
preeence  of  berylliun  and 

T.  leccyanatee  ehov  considerable  loss  of  functionality  vith  bo'lh  the 
adracced  fuels  ana  oxidizers.  Snail  ancunts  of  water  present  in  3e  and  L>'ii'2 
v«re  the  cause  cf  izocyanate  loss  through  side  reaction. 

li.  Saall  samples  of  propellant  vsre  prepared  'ising  the  candidate 
binder  and  adranced  fuels. 

IV.  TECHKIGAL  PRCCRESS 

A.  lUTERIAlS 


The  vork  reported  in  this  Quarterly  Progress  P.eport  vae  done 
vith  the  prepolyver  developed  under  Contract  kt  Ciii(^ll)-10356,  The  prepolymrr 
vas  made  by  The  General  Tire  and  Eubber  Cospany  according  to  the  tentative 
requirements  in  Table  I,' 

Table  I 

CRARACTERr.riC'i  CT  CANDIDATE  iTJ^POUWR  (TELAGEN  S) 


Backbone 

functional  Groups 
Molecular  Woight 
Functionality 
Viscosity 


Saturated  polybutcdicns  with 
about,  1,2-addition 
Secondary-CH 
About  1500 

As  close  to  2  as  possible 
Less  than  ICO  poises  at  3C^C 


D.  S.  Jehmon  ard  A.  J.  Dt  iiilo,  "fhe  IM vole, tvs r.t  and  Evaluation  of  a  Hydro¬ 
carbon  Bint'er  for  Hir.h  Ersrgy  Solid  Propellarits",  Report  So,  AFHPL-TR-c64iO, 
Aerojet-General  Corporation,  SacraTOnto,  Califoruia,  Contract  AF  0li('5ll}-10336, 
February  l:?fc6. 
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CONriDENTIAl 

OontPMt  a  OI.(6il)!w38n2  ’”'»!)»'  ""  !«I«rKl  ««d.r 

b.«.  Ih.  pro^rtu.  tl»«  u“* 

t«r«d  tr4d«  00«^.^l4i]jr  «ad!T  th.  rtfia- 

T»bl«  II 

wopmns  or  Himan-TESMnuTSD  tbuqin  s  fubpoidur 

—  Batch  Wft. 


_  8S07-I-lt7.1* 

Unaaturatad  '  “^rurat*^ 


2l»2AK-U*aAH^ 


Molaoular  Waight 


Thaeratlciil 

1766 

w 

Solution  Viacoatty 

1180 

?P0 

1620 

1676^ 

1750® 

Hjrdroxyl,  aaq/g 

1.01*5 

1.020 

0.91 

Fvinctlon*llty* 

1.70 

1.71 

V  #  ^  A 

1  '.f 

tJTaaturation,  an/g 

17.1 

0.28 

AfOa, 

0.78 

cia 

27.6 

• 

39.7® 

tram 

38.3 

• 

27.3® 

▼inyl 

Aah,  % 

3U.1 

• 

33.0® 

«a 

0.03 

0.015 

Antioxidant  22li6,  % 

0.5 

Brookfiald  Tlscoaity. 
h)ioa  at  25*C 

26 

190 

165 

TolatilaSf  % 

^Twanty-two  pouzid  batch 
^orty-fiTa  pound  oatch 
^Bafora  hydroga nation 

»«i«ht  to  •c.alTaiert 

la»u,dn«  a  hydrogenatad  .ool^r  of  1790  ^olaoullr  wlghr. 


(iTii'  pap-«  Is  Unc  Laaslfled) 

ranOEHTIAL 


UIICUSSiREO 


*•  _^*turtt«d  Pr<Polpar« 

•oid  «nd  hydroxy  Polyfeuttdlanai, 

*“*  ^  “^d  to  aOt«  mu*tor*»*d  blnd*r«  T«l**ia  8  Blndoro, 

on  Uiii  procraa.  Tha  proporiltt  to  thoo#  boia*  itudlod 

•  P^^polyxjoro  art  itiown  la  Table  III, 

B.tc»  Uta  ,r  i,,i.  II 1.  .  ,, 

Tablo  ni 

HIOITOTIES  (T  PGilByTADim  OIKPCLIXEIS 


Funetio.nal  Oroup 
Moloeular  Wolght  {7P0) 

Y^*«4  «  .<4  *  8,^4 

Functionality 

UnaaturatloB 

trana,  f 
eia,  S 
'fiJKTl,  i 
Aah,  % 

Antioxidant,  % 

Brookfield  Yiecoeity, 
Polaes  at  25® C 

Water,  % 

Tolatilea,  % 

3.  CTI 


Batch  lOf 

2!i2A«- 

HiSA 

ik!2 

a-CH 

COCH 

1750 

I6oo 

962 

1017 

1.78 

1.72 

27.3 

29.2 

39.7 

UC.9 

33.0 

29.9 

O.OOli 

0.0035 

- 

?.09 

29 

2 

O.oii 

>  ' 

0.01 

0,77 

■“  4*' 

o.as 

and  data  concerning  w»ra  prepared 

and  will  req'ilxe  recrystallisRtion  1  ®  out  poorly, 

l~riu..  ,f  t6.„  Ufrui,  r„«.  WJT*;  “•  •*• 
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Ttbl«  Ti 

WZfAixK  vuofoa  at  mt  batc  as  or  ctz 


Batch  Mo. 

Wslfht.  t 

IquiTalant 

__Wslght 

6 

200 

71 

7 

260 

72 

8 

560 

88 

9 

200 

71 

^•ortticAl  ralu*  69. 

B.  PHASE  Z 

1.  Intrcductlon 

Rum  Z  inrolTaa  a  study  of  tha  axaot  ours  stoiehioaMtry  of 
tha  prapoljvar,  tha  affscta  of  rarlous  plaatielMrs  on  propallant  propartlaa, 
and  tha  saxlnja  aohiarabls  solids  loadlnc  with  MH^CIO^  and  alualnua.  Tha 
propall  H  with  tha  hifhast  spaolfio  lapulM  will  ba  eoaplatalj  charaetariBad 
with  rnspset  to  aoehanical  babarler  and  will  ba  awalnatad  ballistiealljr  at  tha 
1-lb  liival.  Tha  spaeifieations  of  tha  prapoljMr  will  ba  astablisbad, 

2.  Frapolyar 

a.  Functionality 

Tha  functionality  of  a  prapolyMr  has  always  baan  of 
•'«ao8t  iaportanea  and  functionality  dstarwinations  by  rarlous  mnthods  bars 
giran  widaly  varylnc  rasults.  It  is  nscassary  to  know  tha  functionality  bacausa 
it  is  psrbaps  tha  aost  iaportant  singla  factor  idiieh  dstaniinsa  tha  naturs  of 
tha  polyMr  natwork  in  bindars  and  propallants. 

Tha  axpaotad  functionality  of  Prapolyissr  OT-I-i;?.!  froa 
solscolar  wai^i  (rapor  phaas  osnonatry)  dirldad  by  aqulralant  weight  (and-group 
titration)  was  1.65.  Thaoratically  a  bindar  of  this  prapoiyar  raactad  with 
a  U  to  1  aquiralanta  nixtura  of  KDI  and  CTI  should  not  curs  but  actually  wall 
cured  bindars  wars  obtalnad  (Table  6,  Binders  5  and  27).  Being  tha  crosslink 
densities  datarodnad  froa  eonpraasion  moduli  of  the  swollsn  Binders  5  and  20 
(Table  VI),  and  tha  aquation  for  crosslink  dsnsity 

(f.  -  2)W^ 

-  -  (nolss  of  crosalinks/gn  of  binder) 
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i  ■  ih«  bindar  ingradiant 
n  ■  th«  muabar  of  bindar  ioffradianta 
f  •  tha  functionality  of  tha  Inprodlant 
W  ■  tha  ifaicht  fraction  of  tha  ingradlant 
E  ■  tha  aqulralant  traicht  of  tha  Ingradiant 

on*  darlTtd  an  affactira  functionality  of  1.90.  Thia  agraad  vail  wHh  tha 
affactire  functionality  of  1.88  datamlned  for  tha  sans  prspolyner  from  tha 
aquillbrlujt  nodull  during  tha  prarioua  p.''‘£ran  (Contract  A7  0li(bll)-10396). 

Tvo  binoaru  with  a  ealculatad  crosslink  dansity  of  taro 
wara  praparad  froa  Prapolynar  U507-I*4i7.1.  Ona  was  basad  on  tha  sxpoctad 
function^ity  of  1.65  (Bindar  uii,  Tabla7I)and  tha  othor  on  tha  affectiTa 
functionality  of  1.38  (Bindar  hS,  TablalTI).  Both  of  tha  binders  wars  sw-illan 
in  tol'iana;  the  gal  fractions  of  Binders  Ui  and  hS  ware  O.lSOd  am  0.07'  , 
raspactiraly.  This  favors  tha  affective  functionality  value  in  tha  range  1.85 
to  1.90}  aapacially^  inaaiiuch  aa  tha  gal  fraction  of  Bindar  US  was  nearer  to 
zero. 

tn  these  axpa rL’seiita ,  the  amounts  of  axtractablss  wa’^ 
sLtllar.  Thia  may  indicate  tha  prasenca  of  nonfunctional  material  or  low 
molecular  weight  prapolymer  which  waa  not  tied  into  althar  of  tha  natworka. 

Tha  HDI  to  CTI  ratio  used  in  thaaa  bindtra  also  indicataa 
a  prapoljMr  rtnctlonallty  of  approxlaataly  1.90.  A  preyjlyner  with  a  func- 
tl  ’nallty  of  1.5*  raquires  a  triftinctlonal  curing  agent  to  achlevt  initial 
crosalinkingf  while  a  prapolyaar  with  a  ronctionality  of  <7.00  raqniraa  only  a 
trace  of  trifunctional  curing  agent  to  achieve  croaalinking.  At  a  function¬ 
ality  of  1.65«  70  parts  of  tha  trifunctional  curing  agent  and  30  parts  of  the 
difunctional  curing  agent  are  naadad,  and  at  a  functionality  of  1.90,  20  parts 
of  tha  tri-  and  60  parts  of  tha  difunctional  agent  are  required  for  crosallnklng. 
In  these  axporlments,,  a  li  to  1  ratio  of  HDI  to  CTI  waa  used  to  achieve  a  soft 
(low  crosslink  dansity)  bindar.  At  an  KDI  to  CTI  ratio  of  30  to  70,  ona  obtairs 
a  vary  hard  (high  crosslink  dansity)  binder. 

On  tha  basis  that  tha  extractable  materials  ware  mainly 
nonfunctional  and  the  prepolymar  tied  into  tha  network  contained  all  of  tha  -CH 
groups,  a  calculation  predicted  a  functionality  of  about  2.1  for  tha  functional 
units.  This  waa  an  encouraging  result  whsn  tha  approximations  involved  wara 
considered. 

For  tha  formulation  of  binders  and  propellants,  tha 
affective  functionality  was  more  useful  than  the  expected  functionality.  Tha 
differances  between  the  two  can  be  explained  by  the  presence  of  nonfunctional 
material  in  the  prepolymer.  While  association  of  chains,  hydrogen  bonding, 
entanglementB,  etc.,  will  effect  tne  value  of  functionality  determined  from  the 
nBchanical  behavior  of  a  bindar,  these  effects  wore  minimized  by  ma:<ing  measura- 
menta  on  a  'vollen  bindar. 

b.  Comparison  cf  Prepolyrnsrs 

Two  lots  cf  prcpolyiiar  wore  used  for  tha  axperLmentE 
reported  hors.  Their  proportiae  aic  eunewirired  in  Table  II.  Lot  2l2AH-lij8AH, 
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th«  lirfMft  (U5  lb)  uid  mo€t  rveeit  bt;ch  of  TelJif^n  3  dellvend  to  A«ro<et 
to  ditc,  w»a  More  r•ddl^;^  ind  C'JTfd  faater  than  Vne  older  Lot  liTOT-I-Ji?.!. 

0r«  binder  xade  irlth  Lot  containing  Light  Circo  Oil,  cured  with¬ 

in  7  daye  without  additional  catalyst;  howeTer,  it  had  a  stift  a’jrfics.  The 
propellanta  aada  with  these  ^repolyners  were  sinllar.  Further  charccterlzation 
is  being  done. 

3.  ■'•ffect  of  Alu.'slnuy.  Mccal  on  Ijocvanat^  A.-^nta 

The  loss  of  ieocyanate  functionality  was  neaaured  for  toluene 
eolutlons  of  HDI  (0.5  gii  lii  5  gn)  both  in  the  absence  aiul  presence  of  alunlrua 
powder  (1  pi  in  5  ga  of  solution).  With  alualnua  (30-LO,^  sphe'ical  oar'icles) 
present,  solutions  both  with  and  without  FeAA  catalyst  did  not  shew  groa'-r 
loss  of  isocyanate  than  when  the  Mtal  wes  eheeut.  This  demons. rated  that 
aluminisi  had  littla  or  no  effect  upon  the  cure  etolchionetry  oi  Telaf.en 
propellants. 


L.  Plasticizer  Studies 


a.  Effect  of  Plastlctcers  on  Curing  Acents 

The  effect  of  the  plasticiiers  on  the  curing  ig-n.ts  was 
datsrBinsd  froB  solutions  containing  a  plaeticizsr  (5  g»),  liOI  or  phenyl 
inocyanate  (0,5  E*)  end  a  drop  of  catalyst  (Niax  D-23  or  0  5  in  10  mi 

toluene).  The  disappearance  of  the  isocyanate  was  followed  by  conventional  ^ 
titration  nethods.  k  suiMuury  of  the  reeults  was  showr.  in  a  preTious  report. 

The  quantity  [i-( isocyanate  renalnlng  in  test  solution/isocyan' te  renalnirg  in 
control  solution)]  x  100  was  designated  the  cure  interference  Index,  but  it 
must  be  noted  that  this  index  was  not  adopted  in  the  report  Just  cited.  This 
Index  or  the  isocyanate  remaining  for  each  plasticizer  was  correlated  with  the 
mechanical  beharior  of  binders  and  propellants  containing  the  plasticizer, 

b,  Cure-Interference  Index  for  Purified  Squalene 

Squalens  wae  purified  and  zhe  lo^e  of  isocyanate  dissolved 
in  it  determined.  One  portion  of  Uie  squalene  was  purified  by  passage  through 
a  coluan  of  silica  gsl  and  another  portion  wae  redist:  lied  un^r  vacuum.  These 
results  shown  in  Table  V  indicated  that  impuritlee  in  the  squalene  were  affecting 
the  isocyanatea.  These  iapuritiee  were  not  further  identified. 

It  viS  shown  that  purifying  the  pL'aticizers  generally 
gives  better  binder  propwrtiee.  The  use  of  vacuum  redistilled  squalene  im¬ 
proved  the  binder  propjrr.ies  (Table  VI,  Moe,  11  and  }2)  but  sq'jalerm-piasti- 
ciied  binders  still  had  poorer  properties  than  other  hydrocarbon  plasticized 
binders . 


D.  E.  Johnson  and  A.  J,  Di  Kilo,  "The  D’velopsient  ard  Evil'iation  of  a 
Hydrocarbon  Binder  for  High  zLiergy  Solid  P»-op»llant3  (1)",  First  Quarterly 
Report  Ho.  APlPL-TJl-66-159,  AeroJet-C-eneral  Corporation,  Sacrajnento, 
California,  July  1966  (Confidential). 


-8- 


UNCLASSIrlED 


UkClASSinCD 


r>M>  7 

kftect  or  ptairiED  sgimstt  on  isociajmtib* 


Purification 

Isocyar*!#^ 

leocyanate 

liaaelnlnK,^ 

Cure 

Tnterferene* 

Index” 

None 

KDI 

n-.NCO 

37 

50 

60 

Through  Silic* 
Gel 

KDI 

Fh»<C0 

76 

6o 

18 

fiedlatilled, 

Vacuiaa 

■  UI 

RiNCO 

iU 

82 

?.3 

^eU  added  ae  a  catalyst 

^exemthylem  dliscxyanate  and  r^enyl  leocranate 
^Four  days  at  a.xblent  tewpera* um 
■-!-( leocyajiate  HerMininp  x  100 

e. 


l'ur«-lnt*rf«r»ix«  of  lUdlutilltd  lUP 


In  Hlndar  3’’  VTl  >nH  th  with  HDI,  This  pl*i)v:ct8tr  wia 

the  ofrectlTenesi  of  th*  ^  \  ‘n«se  rnsilte  *i  .r,  der/inu' rated 

hehMT^n!  r  ^  predict  at  least  qu.  IltaMvaW  the  ■aechanlc.l 

behaTior  of  bJndare  conUinin*  the  plaetldeer,  ^  wevnarucal 

«J.  Cure  Int.erference  of  Armed  X 

ol~r  r,r  r.r«..  s  V™ 

Interference  f problems  of  plaetlclser 
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5’,  Blndr  Studlas 
a*  Introdnoiloo 

Qicdtn  w*r«  pnpiind  to  stixdtjr  plasticisan  and  thalr 
affteta  on  tha  3aahanlcal  propartiaa  and  eura  atolehlaaatrx.  All  of  tha  eorrant 
raaulta  ara  ahem  in  Tabla  VZ,  which  Ineludaa  blndara  praparad  frcai  tvo  batehaa 
of  Talagan  S  (82t07-l>li7.1  and  2liZA}(-m8At{)  axkd  an  unsaturatad  prapolyiur  (Lot 
2l42&M-lh6A)  of  approxlaatalj  tha  saw  equlTalent  might.  Tha  tahla  prasanta 
crosa^ink  dansitlaa  by  cocprasaion  Bod\ill  of  awoUan  blndara  and  fay  aqulllbrlua 
■oduU,  gal  fraction,  aol  fractiona,  uniaxial  aaehanieal  propartiaa  at  77^F  and 
tha  Moonay-RiTlin  eonatanta.  Tha  nachanical  propartiaa  of  tba  bindara  oontaininf 
aqual  Toluaaa  of  plaaticiaar  ara  in  fabla  VIZ. 

b.  Effaet  of  Plaaticizara  on  Binder  Propartiaa 

hydrocarbon  olla.  Light  Cireo  Oil,  Ihijol  and  Oronita*^ 
hara  ahown  tha  laaat  t  oourt  of  intatfaranca  with  cure  both  in  taata  with  HDZ  and 
in  bindara.  Tha  plaatlciMr  i  S-liil,  Annul  Sthar  Idl,  Undaeyl  Cyanida  a<wl  Arnaal 
CO  hxTw  ahrwn  tha  most  intari'^ranca.  Tha  aatara  DCS,  lOP,  and  DCS  ara  intar- 
Mdiata  in  this  raapaet.  Tha  n-undaeyl  cyanida  and  tha  Annul  Ethar  181  vara  not 
inproTod  by  pasaaga  through  a  colunn  of  ail lea  ga),  although  ethar  purification 
taehniquaa  wars  not  triad. 

Whila  racuua  dirtiUatlMi  introrad  tha  squalana,  tba 
iapromnant  haa  not  baan  b officiant  to  naka  tha  aqualana  as  inert  a  plaaticiaar 
for  Talagan  3  bindara  aa  Ut#  hydrocarbon,  Bujol  and  Light  Circo  Oil. 

e*  Coaipatibility  ef  PlAatic.iMra  with  Talagan  S  Bindara 

Scaa  visual  obaarvationa  of  plaaticiaar  eoapatlbility 
with  tha  Talagan  3-CTI-SDI  bindara  wara  nada,  Tba  bindara  contained  26  vol  ^ 
of  plaaticiaar.  3-lUl«plasticiaad  bindara  tandad  to  ezuda;  tha  erudata  was  pra- 
BUMd  to  be  plaaticiaar.  The  binder  containing  Oronita-6  was  cloudy,  whereas 
the  hlrvlara  with  Rujol  azid  Circo  Oil  ware  slightly  haay.  Tha  cltarast  binder 
was  one  with  IDF. 


d.  Correlatlun  of  Crosalink  Dansity  Maaaaraaanta 

Noonay-Rivlin  eonatanta,  eroaslink  dansitlaa  fron  tha 
conpraaalon  ■odoll  of  toluana  awoUan  bindara  and  tha  gal  fraction,  v.,  aiw 
rajatad  by  lint  functions  (fiaurwa  1  to  3).  Th*  crescliz'k  dsnsitlas  rroii 
conprasaion  laodull  of  toluana  awoUan  bindara  and  tha  croaaliak  dansitlaa 
froB  straaa  ralazatioo  ■aaaurawants  at  15C°F  ara  oonparad  5n  Fj^ura  U.  7ha 
etrasa  relaxation  data  at  ISCT’F  gave  lower  croaallrk  dansitlaii  than  thoiwi  at 
77*F.  Tba  llndazu  nay  not  hava  reached  coaiplata  aquilibriuB  relaxation  it 
77*F  and  av  not  at  150*T  either  because  croaalink  danaitlaa  frna  relaxation 
data  ara  hignar  than  tboaa  froa  eoaprasslon  moduli  studiaa.  Swelling  of  tha 
blndara  for  tha  eoapraitdon  moduli  datarainatlon  allalnatad  tha  effects  of 
crystallinity  and  hj'drogan  hondirg  and  Binlwiaad  the  effect  of  nnta.ngl,ei»nta. 


10- 


UXCUSSIFIED 


Mm 

■*M 

jfSHI 

- 

toiikHia  towMS* 

04t 

nwHMnr 

t 

mm 

t  MUlw 

X«!9e^ 

n-. 

*n. 

saa 

al 

X 

% 

X 

A 

~r, - rr 

to).  maxy.mx’ 

^ _ •  e 

». 

foam 

o 

l-Ul 

ns 

ftM 

6 

1.03 

P 

TT9 

10) 

4 

0.053 

6.90 

0.743 

. 

0.017 

i 

»-Uil 

5.0 

ft 

1.00 

15 

■;io 

• 

1) 

0.11 

o.6r' 

. 

. 

s.a.01 

. 

u 

t-OU 

R.O 

•«. 

« 

i.«Q 

10 

?ft 

• 

ft 

0,^ 

4.11 

o.4n 

• 

• 

0.ftft 

, 

IT-J 

*4U 

nj» 

ft 

1« 

i.« 

ft 

SM 

SU 

8 

4*4} 

•.a 

ua 

UK 

UTt 

0.0109 

- 

m 

M 

« 

um 

iKUWJfeCSBiSLSUl 
a  US  Mi  a 

aa 

•wft 

«.am 

u 

«•* 

a4 

m 

4 

uon 

. 

• 

. 

• 

• 

• 

. 

. 

2t 

ftraitta  H- 

aj 

•»*i 

4 

uoo 

8 

la 

8k 

u 

O.ON 

aa« 

0.341 

• 

• 

ana 

17*4 

ftl—  ^ 

a* 

ft 

m 

Ml 

W 

u. 

wa 

a 

i4» 

o.a 

tjt 

%jm 

<i.ai 

a 

M#»  «li«<  OU 

9.1 

ft 

1 

laft 

M 

Ml 

M 

to 

OwS 

akc 

• 

m 

• 

am 

• 

« 

U#*  Ian*  au 

MLt 

ft 

t 

U 

m 

n 

u 

0.ft) 

».5U 

. 

• 

• 

0.^ 

. 

m 

u#*  eifM  OU 

».f 

ft 

f 

ua> 

ft 

SM 

SU 

ft 

o.ur 

a.iiw" 

1.40 

» 

. 

o.a4?3 

o.n9 

m 

Ctr«a  U 

W.9 

ft 

t 

u« 

4t4a 

•MW'ftfti. 

. 

yt^ 

CU<M  Oil 

n.9 

ft 

t 

Uft 

ii» 

ftU 

o.^w 

« 

» 

GXr—  OU 

IT,  7 

ft 

f 

UOO 

a 

kx 

kw 

ft 

al* 

6.in 

• 

QLftft 

, 

i:-4 

ciTM  m 

S.« 

Bmm 

ft 

1.05 

5t 

4ft 

4ft 

ft 

O.lft 

0.  «0 

l.ft 

l.ft 

I.T5 

0.7*70 

o,ni 

u 

ScmUjm 

f5.0 

4 

1.00 

. 

. 

- 

. 

- 

. 

VW« 

■►XI 

J5.0 

ft 

ft 

}.« 

U 

54 

m 

a 

0.10 

o.n 

l.ft 

J.U 

Vft 

O.OOft 

. 

41 

•^XJ 

ff.t 

ft 

4 

1.00 

• 

• 

• 

• 

• 

• 

o.5rn 

, 

U 

A.O 

ftn 

4 

urn 

IS 

440 

• 

• 

a 

• 

• 

ftflOft 

, 

a9 

iomftii 

ft, 9 

ft*.  « 

4 

urn 

ft 

m 

as 

a 

• 

. 

0.ftTT 

• 

* 

ft.9 

«ft.  4 

4 

Uft 

• 

• 

• 

. 

• 

o.«ati 

• 

1*4 

e.« 

ft 

ft 

Ml 

ft 

Ul 

• 

u 

0.00 

0.4T 

akts 

o.n 

9.M 

«.aa 

• 

1 

a.* 

•MW 

• 

LA 

a 

9ft 

.  nai 

4 

lallM 

8 

aw 

0.U 

o.a 

0.90 

MB 

o.ft4 

X7T3 

ft 

tmX  ftJwr  Itl 

«.0 

■» 

4 

Ml 

X'tl...  1.  .111. 

«4  triMlOTwftrftw 

•5 

•  fcatnyl  9rM«4i 

75.0 

•n* 

1 

X  m 

n 

45 

kM 

a 

o.m 

0.130 

0  8 

• 

• 

0.0944 

• 

* 

■  Ollny*  Clr«d4» 

7i,0 

MO, 

5 

Uft 

X 

»w 

500 

a 

o.lft 

0.P3 

O.lft 

. 

• 

a.ft44 

• 

a 

■  thMwfi  ffm’M 

ft.C 

•M, 

4 

1.0* 

8 

4t7 

kU 

ft 

s.as 

0.099 

0.1ft 

• 

. 

atsa 

• 

* 

irmtX’-M 

».o 

•MW 

a 

1.00 

IM  no  vv*. 

Fv  m*  Nr*  4,  r*r«4  vap. 


6Hd^rn£0 


ca  PliAaiONS  vs.  tf€  MOOf«Y‘f(!VllN 
Cj  CONSTANTS  FOR  TILAC£N  S  BINDERS 


GEL  FRACTIONS  vs.  CROSSLINK  DENSITY  FROM  COMPRESSION 
MODULI  OF  SWOLLEN  TEUGCN  S  BINDERS 
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Crosslink  Density,  rr^jiss  chain/cc  x 


CROSSLINK  DI-NSITIES  FROM  COMPRESSION  MODULI  OF 
TOLlf.NE-SWOUm  BINDERS  AND  FROM  EQUILIBRIUM 
MODULI  AT  150T  (Blnler  Stress  Relaxation) 
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( X  3D/uiBip  ajoul)  unpow  uojssajduroo  Aq  A^isuao  ^uussojo 
^  Figure  4 


Crosslink  Density  by  Eauiiibrium  Moduli  at  13C^F  (mole  chain/cc  x  1G5) 
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INITIAL  MODULI  vs.  PLASTICIZER  CONTENT  FOR 
TELAGEN  S  BINDERS  INCO:OH-  1) 


VJume  FrKtlor. 


Plasticizer  Content,  %  Volume 


UNCUSSiFIED 


•vapontinc  ^  Mailing  •olTiat  (ioltaana)  daring  it>olntioa  of  tha  oxtroot- 
•blaa.  Tha  waigh*  af  axtractab.Ua  was  tbarafora  dataraiiiad  fraa  taa  diffaranea 
in  tha  valuta  of  .\a  original  laapU  and  tha  danrollan  saxpU  (solrant  raorrrad 
in  racuo).  Thia  Mthod  lava  nora  raliabU  Talnaa  for  tha  axtractablaa  in  tha 
qranida-pQaaticlsod  bindara.  Sararal  of  tha  aoolUa  blndara  vith  other  typaa 
of  plaaticiiara  vara  daawollan  and  tha  aatountr.  of  axtractablaa  datandnad  by 
thia  Mthod.  In  aoat  caaae,  tha  aaount  of  axtractablaa  bj  thla  Mthod  agraad 
within  or  laaa  with  that  datarudnad  by  walght  of  non-rolatllaa  in  the  avai¬ 
ling  aolvanta. 


Saaplaa  of  a  non  plaaticitad  blndar  of  known  eroaslink 
danaltx  wara  plaoad  in  aararal  plaaticiiara  and  thsir  swalling  charactarlatiea 
ara  currantly  baing  datarolnad.  Of  thaaa  plaaticiiara  IDP,  n-undacyl  cyanide 
and  aquaUna  cauaa  tha  aore  rapid  availing;  tha  other  plasticizara  baing  atudiad 
include,  DOS,  Light  Circo  Oil,  Oronita-6  and  lajol.  Ttio  data  fron  tha  axparl- 
Mot  will  ba  uaad  to  calculata  tha  Flary-hnggina  interaction  paraMtar  for  tha 
plaatlciiar. 


Talagan  S-CTI-HDI  binders  wa’^  swollen  in  a  larpa  nvwhar 
of  aolvanta  (aae  prerioua  ‘^uartarly  Report)  of  which  tetrehyirofuran  and  rKr*'on 
tetrichl'iride  were  the  beet.  A  plot  of  maxi  lua  awelling  vs  tno  cohs-;xe  arercy 
density  of  tf's  swalling  solvent  showed  two  peaks,  at  ChD  •  73. b  arh  with 

a  minixTun  at  about  CED  •  81.6.  So-m  additional  solvents  wars  studied,  and  tha 
swalling  data  ara  reported  in  TabU  Vila  along  with  data  froa  tha  pravioua 
quarter. 


Tha  data  ware  wary  inconaiatent  and  the  idea  of  a  twin 
■axlmun  in  tha  naxlJeaB  availing  -  CED  curve  waa  difficult  to  substantiate, 
fhara  waa  dafioitaly  a  peak  C£D  >  70  to  90,  but  the  data  did  not  locava  it 
aora  exactly. 


f.  Catalysts 

Tha  recently  acquired  pro;>ol}ri»r,  Telapen  S  Lot  1L8AH, 
ia  being  laed  to  deterains  ths  efficiency  of  the  Isocyanate  cure  cataly.»ts, 
CokX,  FeAA,  Xiaz  0-22,  ar.  1  PsAA  ami  Niax  D-2^  in  coabinatlon  with  aided  acetyl 
acetone.  CoJLi  was  elowar  than  tha  otnar  catalyate  and  produced  a  binder  with 
a  tacky  eurfaee.  Tha  bindara  are  being  awollan  to  datarolna  tha  extant  of  the 
curae. 


6.  Propellant  Studlea 

Propallanta  (50  gm)  ware  made  to  study  the  effects  of  CTI  to 
•HDI  ratio,  to  Ji  ratio,  plaati.,liere  a.od  catalyst  levsls,  aM  rapiacesteiit 
of  L£A  by  C-1.  Tha  best  forxulationa  were  used  to  make  1-lb  batches.  The 
data  ara  sijoiarised  in  Table  VHX.  AH  propellant*  Contained  do  vti^  eolida. 

Both  the  new  prepolyMr  and  the  old  parepolyMr  were  tested. 
Soft's  general  obisrvatlone  ara  preserved  telow. 

a.  Use  of  LtS  and  IDP  gave  about  the  sai'e  prcfertlss  in 
these  f  orsaulat  Iona. 
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U^lii  Ciree  Gil  a  hlfhar  aodolu  propallaat  at  ttM 
HBf  SDI  tc  CTl  ratio  than  obtainad  with  aitha."  DCS  or  IDP. 

e.  PropaUar.t#  with  tha  NCO  to  CH  ratio  of  1.00  had  hiffha? 
■axlwwa  or  braak  taoailaa  aod  initial  aoduli  than  thoaa  at  a  ratio  of  1.05. 
This  rtflactod  tha  hlAhlj  atoichiaaatrlo  naturo  of  the  oaro  raaetiona  ariB  is. 
tha  prepaUant. 

d.  Th«  HDI  to  CTI  ratio  of  tt.O  appaarad  to  prropallarta 
of  lomr  initial  aodoli  aad  groatar  uxxIxum  alongation  tha.n  thoaa  at  a  ratio 
of  3.5.  Tbia  graatar  aloogatiun  waa  daairabla. 

#•  Tha  atraaa-atrain  eurwao  ahowod  that  tha  r,  •od  Uw 
Taloao  aaro  marlr  tha  aaaat  haoea,  oaldlMr  dawatting  waa  winiwal. 

f .  Thaaa  propallanta  eoald  bo  adxad  at  110^,  and  poaalbly 
thajr  eoald  ba  wada  at  lowar  tawparatiuws.  Although  thaaa  propallanta  war* 
eurad  at  135*T,  aaall  aaaplaa  hawa  baan  corad  at  UC^T. 

g.  CoAi  waa  not  aa  aatiafactciT'  aa  tha  othar  eataljrata  in 
tha  forwulationr  which  containad  C-1  aa  tha  bonding  ogant. 

Tha  pot  Ufa  was  ralatlraly  short  with  propsUanvs  prorasstd 
at  125”? «  bat  was  aztsndad  by  procassing  at  110*?.  A  propellant  sudlar  to 
Bo.  10  (Tabla  7111)  but  containing  0.0013)^  ?aAA  and  0.007%  KAA,  vaa  diaidad 
and  aaaolaa  wars  eurad  at  UC*?  and  135*?.  FlastlMtar  raadin^a  for  ti'a 
aaaplaa  tl«»n  orar  &  period  of  aaran  htfire  ara  ataiwn  in  Tabla  IX. 

Tabla  P 

PLlSTIKrm  RTAEIUrjS  cr  mOFilJAXT  f'UaDO  AT  no"?  AHO  135"? 


Vlwa  (hourr) 

Altar  C 

lasting 

Tariparatura 

0.2S 

It, 5 

no"? 

23.5 

20 

18.5 

16.5 

135"? 

21.5 

15 

Voila  there  was  sonsiu«r«bIy  aorw  potllfa  at  tha  lowar  tsvparatora,  both  pro~ 
pa^Xantn  Jurad  noraallj. 

7.  Proprilart.  9uminf:  Rataa 

a  preliainarT'  atraod  buruing  rata  rtudy  van  wada  for  an 
W^CIO^-AI  propjllant  (66  w^.%  solids)  siailar  to  Vo.  U  in  Tebla  7171.  Tha 
bumiDg  rates  at  1*00  and  700  psla  waiw  0.20  and  0.27  In./sa**,  rtspactlvsly  at 
80^F.  Orar  tha  r'lnga  UOO  to  1500  {.>ola,  th<*  praasura  fxponant.  of  was 

0.70,  T5n  prf!<f.virt  was  -.1^+;  Ccapii^a  to  unsaturatad  isydi ocsrt<'n 

bindara  with  the  ssm  solids,  ana  would  raijuir.  furtno'*  study  to  lowsr  it 
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wh«n  r»qulr«l.  Tkc  burniac  «tiadia«  ar«  BianurlMd  la  flfai« 

Ir  Bwrlwwi  SolldB  loxtBd  FaroBBllM* 
a.  (hUde  Imdlftt  and  Packing 

1)  latie  ef  Selida  to  Binder  Volxma 

Oaa  ef  the  adTant.<cea  of  a  prspallant  binder  Vith  a 
highly  afflolont  netvork  atnicturo  is  its  abLUty  to  retain  good 
properties  M^ea  loaded  with  a  greator  amvat  of  ballistie  solidSt  ?fotvlth- 
staadiag  this  adrantagt,  the  problea  of  ac)>1.«Tlng  a  higher  solids  loading  with¬ 
out  loss  of  atchaaiaal  propartlss  is  a  diffioilt  one.  This  is  dswastr^.V  i  by 
the  ratio  ef  the  solids  Tolws  to  the  binder  voItm  (iaclodinc  the  plastieiter) 
aad  the  Tolose  fraction  ef  solids  for  a  nuaiber  of  actual  and  projected  syateas 
with  a  saturated  hydroearboo  binder  (Table  Z). 

As  the  aollds  loeding  iseraaeee  beyond  the  atcte- 
of-ert  TalxN  of  88  vt$,  the  ratio  of  tha  solids  toIum  to  binder  toIvms  xncreasae 
greatly.  This  ratio  beooiw^e  eren  greater  at  lew  teaperature  aince  the  roluxe 
of  the  binder  deertasta  aore  rapidly  than  that  of  ths  fiUar. 


Table  I 

THS  lUTIO  Cr  SOLIDS  TO  BIRDER  VOUCHES  AID  TOLUJ®  FRACTIC* 
OP  SOLUM  PCR  TAXIOOS  ROPRLLAIfT  SISTEMS 


Propellant 

\hS 

SoUds 

ToIums  Prection 
of  Solids 

Voluae  of  Solids 
Toluae  of  Binder 

Polaris 

75 

62.k 

1.6 

Nlnuteaan  Ving  II 
(2ad  Stage) 

82.2 

69.0 

2.2 

Tartar  (eua^  ^ilrer) 

62 

70.0 

2.3 

Nimteaan  WLng  71 
(2nd  Stage ) 

88 

75.6 

3.3 

Bystaa 

90 

80.2 

It.l 

Systaa  2* 

92 

81».0 

5.2 

•Syetea  li  8C# 

,C10^,  10%  Alj 

Syetoa  2]  6^  IH, 

H  A 

2 )  Importance  of  ftrticle  ParVlng 

The  laportaoce  of  pacrir.g  of  aolld  par<-lcls«  Is 
sell  known  sa  axanpllfied  by  the  exvarjcL?*  of  i>i-  and  trlaodal  parti^ie 
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VARIATION  OF  BURNING  RATE  WITH  PRESSURE 
FOR  TELAGEN  S  PROPELLANT  (88%  Wt  Sc!  ids) 
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MS/u}  *j  ‘0i5a  6u!Ujna 


Figure  9 


Pressure,  pc.  psia 
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bltoda  in  aoUd  propellants  to  obtain  Inprored  nchanlcal  baharlor.  Tha 
balUstie  raquirtaanta  vlll  nonaally  aatabllsh  an  aT«ra^  particle  sis#  tar 
the  flUars  of  a  solid  propellant,  but  there  are  Unltleas  innbere  of  particle 
site  dlstrlbutlona  vhich  vlll  h<Te  the  sane  ».«ra£e  partlcls  size.  As  a 
result,  the  task  of  de^-anilnlng  which  blend  of  particle  site  dlstrlbutlona 
will  achlawe  tha  hipest  solids  loading  In  a  propellant  with  reasonable 
■schanical  properties  Is  a  tedious  one. 

b.  Effect  of  Packing  on  Viscosity  of  Filled  Liquids 

A  conrenient  aethod  for  datemining  tha  affectlrenaes 
of  particle  packing  la  by  neaauring  the  affect  of  particla  packing  on  tha 
▼Iseoslty  of  a  liquid.  The  Zllars  equation^  shewn  below  relatee  tha  relatlra 
rlscoslty  (t),)  of  a  suspension  to  particla  packing  and  loading. 

'V  • -ij  •  [l  • 


where  T1  and  TL  are  the  Tiscooitiee  of  the  filled  and  unfilled  liquids,  ^  is 
the  voluine  fraction  of  solids,  and  la  the  maxiamo  toIubs  fraction  solids 
(at  which  T1  ■  •).  The  parameter  0«^is  a  function  of  tha  particla  packing, 
and  for  unlfom  sized  spheres  la  O.vU  by  theory. 

Keasuremnta  of  the  Tisuositias  of  ■onodisperaad  &us« 
pensions  fit  an  equation  of  the  f om  proposed  by  Elle  with  ■  0.60$  which 
is  approximately  tha  theoretical  for  orthorhombic  packing. 

c.  Similarity  of  Viscosity  and  Modulus  of  Filled  ^Tstams 

Tha  use  of  Ellers  relation  with  tha  rlscoslty  (tl) 
replaced  bj  Toung's  modulus  (E)*  has  been  proposed  for  tha  analogous  elastic 
problem  of  lubbers  containing  fillers.  Some  success  was  achieved  by  T,  Smith’ 
in  application  of  an  equation  of  the  Ellers  type  to  solid  propellants. 

Therefore,  the  best  packing  of  partlclss  of  different 
slxee  will  give  a  slurry  with  the  lowest  rlscoslty  end  for  a  glren  solids  con> 
tent  will  glre  a  propellant  with  the  lowest  modulus.  The  maximum  loading  that 
such  a  packing  would  allow  must,  of  course,  be  determined  by  its  effect  in  a 
propellant  systam. 


d.  Effect  of  Particle  Size  Distribution  on  Viscosity 

The  use  of  particles  of  different  size  allows  much  more 
•fficlent  packing  of  particles.  Horafield*  calculated  that  a  suspension  with 
a  solids  concentration  of  85.1^  by  rolune  is  possible  by  use  of  partlclee  of 
fire  different  sizes. 


'h.  iiiiera,  Koiloid,  Zeit.  Wf,  165  (19^Ui. 
aj.  Rehner,  J.  Appl.  rhys.,  638  (1?J3). 

•T.  L.  Smith,  Trars.  Soc.  of  Pdieology,  2>  (1959). 
Horsfield,  J.  Soc.  Chem.  Ind.,  IQ?  (193^4). 
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A  I— htr  of  invootlgataro  bar*  oiporlMotalljr  iiiadio4 
supoociott  of  MaotUl  dlatrlbotloM  of  ooUda  «p  to  7it)(  roluat,  Thooo 
■tudioo  ohow  that  tho  TLseoolty  of  eoaooittrotod  oaopomioM  oould  doToooo 
aorMly  If  tbo  portielo  also  ratio  aad  ralatiTo  aaoanta  of  aaall  to  largo 
apboToa  «oro  ehoaon  proporly. 

0.  Approach 

Tho  approach  to  aora  hlghljr  loadad  aoUd  propollanta 
eonaiata  of  two  dlatinet  atopo.  Tho  first  irrrolTsa  tho  dotoniinaticn  of  tho 
blonds  of  aTailablo  oxidixtr  partielo  aitea  which  ('iTo  a  olTory  with  a 
Tiacoaity  (boat  packing  of  pai^ielaa).  Tho  aacond  atop  is  tho  dotorwiaatioB 
of  tho  ■axliBi  aolido  loading  whieh  maj  bo  aohiorad  with  tho  blond  datorBinad 
la  tho  firat  atop.  Tho  work  roportod  boro  ia  tho  flrat  atop  of  this  approach. 

f.  Ihrticlo  Sisoo 

Sow  arailabls  partielo  aitoa  of  XH^CIO^  with  tho 
oxsoption  of  3-911  particle?  which  woro  oaod  ao  roeoirod,  wero  scraonad  to  a 
naiTOwor  rango  of  partielo  aitoa  for  a  atud7  of  tho  offoct  of  partielo  aito 
on  tho  rolatlTo  Tlaeoait.y  of  a  alurr/.  Tho  oxidisora  usod  woro  3-9ti«  U3-10lio« 
10^>^50^,  and  250>li95u*  Thoao  will  bo  roforrod  to  as  nopcaodal  STstara. 

Tho  partielo  sito  diotribntion  bj  aisro  anol7aia  and 
tho  aTorago  partielo  sizo  for  oach  nonoaodal  ayston  la  giran  in  Tabla  XI. 

Tho  partielo  also  diatribution  of  tho  fins  grind  ia  3-9u  with  an  arorago  of 

g.  Viacoeity  HoaatiroMata  with  tho  Haako  Rotorlako 

Tiaeomtor  ' 

Tho  Tiaeooity  waanrownta  nado  with  a  Haako  Rotorlako 
(Tjpo  R7)  Tiscowtor  oqulppod  with  a  nultiple  wasuring  haad  (50>500)  and  tho 
Haaka  Circulator  (T]rpo  RBD)  at  30*C  woro  consiatont  up  to  a  rolum  fraction 
of  aolida  loading  of  approximtolj  O.US  doponding  on  tho  oziaisor  sTstow.  At 
hif^or  aolida  loadinga  tho  Boaaurod  riacositioa  wore  lowor  than  tho  raluoa 
whioh  would  bo  oxpoctod  frow  tho  oxtrapolatod  curro  of  rolatiro  rlscooitj  (7^) 

Ts  Tolwo  fraction  of  aolj.ds  loading  (0). 

h.  Visoositj  Noasurownta  vVih  tho  Brookfiold 

9]mchro-Iaotid.e  ViscowV.r 

Tiacoaitlaa  woro  dotoraiued  with  a  R.*ookfiold  STnehro- 
Lootrie  TiacoMtor  (Typo  HBF)  in  an  of  fort  to  obtain  occur  \to  Moaurownto  at 
tho  hlghor  aolida  loading  and  aa  a  chock  on  tho  raluoa  obta;.nod  uaing  tho  Haako 
Rotorlako  riaconator.  Tht  Brookflald  waasuroMnta  wore  consiatantly  higher 
than  thooo  cbtalned  using  tho  Haako  Rotorlako  riacowtor  (Flguro  10).  With  tha 
atandard  Brookfiold  apindles  tho  riacoaitioo  foil  below  tha  oxtropciotod  raluao 
at  about  0.()5  roluw  fraction  oolids  duo  to  tha  thixotropic  nature  of  the  alurry 
(Figures  11-lU).  Sort  accorato  wasurowanta  wore  nado  in  tho  higher  rangea 
using  tha  Brookfield  Haliopath  Stand  and  tha  T-ohaped  opinrile.  W’.th  tho  higher 
riacnaltjr  maauro’^nta  tha  dotanainatlon  of  tho  aaidwua  solids  loading'  at 
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Infislt*  Tlieoslty  for  oaeh  blond  oxtropoliitlon  of  tho  plot  l/(iV^l)  ^ 
1/0  boeom  aero  aoeurato.  Tho  iMko  olromlation  botk  (Tjrp*  no)  «u  oood  to 
■olntola  4  •toadord  toapormiaro  of  30^* 


Tabla  II 

FARTICI2  SIZE  DISTRIBUTION  AND  AVmOX  PABTICLS  SIZE 
Of  KH^CIO*  USED  FCR  SLUREI  VISCOSITT  STUDIES 


Tylar 
.STS  No. 

Siava 

Opening 

Siia ,  14 

Diatributloa 

% 

iTeraga 

Fbrtiela 
Sisa,  14 

32 

U95 

3it 

35 

U20 

32 

ia9 

li2 

350 

29 

U8 

297 

5 

65 

210 

29 

100 

)Jli9 

31 

ISO 

105 

IS- 

litS 

200 

75 

11 

325 

hk 

9 

765 

m 

5 

ISO 

105 

27 

200 

75 

36 

71.2 

325 

Ub 

36 

1.  Tiocoaity  of  Caddlsor  Blonda 

Tba  aonoBOdal  IR^CIO^  oyotoas  ware  blendad  and  tha  rala- 
tira  Tlaeoaltles  of  alorrlaa  In  0ronlta<6  ware  dataminad.  Tha  blend  ooapo- 
altiona  art  avoaMrlaad  In  Tabla  XII,  and  tha  Tlacoalty  data  art  shown  Tabla 
ZIII  and  Flgoraa  11-23 • 

Blanda  1<^,  oonpoaitiona  of  which  art  giran  in  Tabla  XII, 
vara  a  sariao  of  binodal  and  trinodal  bland-e  aalactad  at  randoai,  tha  rlacoaitlaa 
of  which  wra  ■aaatirad  to  dataraina  tha  Tlacoalty  diffarawies  betwaan  blends  aiwi 
tha  accuracy  with  which  the  Tiscoslty  could  be  iwaaurad.  Tho  data  wore  coualetar.t, 
aiid  tha  viacoalty  of  the  blenda  were  aaally  distingulshabla  witn  tha  exception 
of  Blends  1  and  2,  tha  riscoaitias  of  which  wars  vary  oloaa. 
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Relative  Viscosity  (Brookfield  Viscometer) 


UKCUSSinED 


tniCUSSiFlEO 


UHcussinzo 


UNCUSSIFIED 


APPLICATION  OF  CILERS  EQUATION  TO  THE 
VISCOSITY  OF  NH^CIO^-CRONITE  6  SLURRIES 


wrajissinEn 


Tafclt  m 


camsmm  asp  trmm  mnczt  sm  or  *^cul  mrmr 
mo  roR  sucni  viscusin  sthdiiI^' 


6«mie«ltia8.  Vk%  *f 

■ 

4 

Kliod 

Jo^ 

Artrtgt  Pkrtlcl*  81m 

6  71.2  11x6 

AJi _ 

l««nC8  f., 
FkrUolB 
Sii«,  It 

t^m 

ion 

1 

- 

- 

50.00 

50.00 

283 

136 

2 

- 

50.00 

- 

50.00 

«5 

173 

3 

50.00 

- 

- 

50.00 

211 

220 

k 

m 

33.33 

33.33 

33.33 

213 

139 

5 

33.33 

- 

33.33 

33.33 

190 

159 

6 

33.33 

33.33 

- 

33.33 

165 

168 

7 

- 

- 

81*. 16 

15.1*8 

I80 

86.7 

8 

• 

68.72 

«• 

31.28 

180 

II18 

9 

57.87 

- 

«» 

1*2.33 

180 

201 

10 

<• 

56.9ti 

II1.35 

28.71 

180 

ly 

n 

Ii5.37 

• 

18. a 

36.1*2 

I60 

176 

12 

lil.l«3 

19.52 

- 

39.05 

leo 

186 

13 

35.80 

• 

32.10 

32.10 

180 

157 

lU 

19.12 

- 

12.72 

38.16 

160 

le:* 

15 

22.21 

M 

51.86 

25.93 

180 

130 

16 

13.00 

- 

65.25 

n.75 

180 

112 

*ftl«  IndiCAtft  th«  of  Uw  bl«ivt,  but  bao 

tho»#  Bcn-visuB*i*ji  dijtrlbvtl  ouB 


littl#  r»»a4ii.-\g  for 
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mi 

TooosiTiiJ  <r  ■^cio^-otcnn  6  sukriss  it  yfc 


BUni 

■o. 

Tol. 

rr«i.  (#) 

A. 

V"’ 

1 

1 

o.U$ 

2.22 

0.667 

0.864 

21.6 

4.65 

3.65 

0.274 

0.50 

2.00 

2.36 

59.0 

7.68 

6.68 

0.150 

0.55 

1.82 

6.80 

170.0 

13.03 

12.03 

0.0831 

0.60 

1.67 

20.2 

504.0 

22.46 

21Jt6 

0.0466 

0.65 

1.5h 

24.3 

608.0 

24.62 

23.62 

0.0423 

2 

0.k5 

2.22 

0.6Ji9 

0.992 

24.8 

4.98 

3.98 

0.251 

0.50 

2.00 

2.18 

54.4 

7.35 

6.35 

0.157 

0.55 

1.82 

7.26 

181.6 

13.47 

12.47 

0.0803 

0.6o 

1.67 

25.0 

624.0 

25.00 

24.00 

0.0416 

0.65 

1.5Ii 

48.3 

1208.0 

34.78 

33.78 

0.0296 

3. 

0.1i5 

2.22 

0.602 

2.28 

57.0 

7.46 

6.46 

0.155 

o.5o 

2.00 

5.94 

148.4 

12.19 

11.19 

0.0894 

0.55 

1.82 

21.1 

529.0 

22.96 

21.96 

0.0456 

0.60 

1.67 

86.7 

2168.0 

46.60 

45.60 

0.0219 

u 

0.U5 

2.22 

0.725 

1.54 

;  i.4 

6.19 

5.19 

0.193 

0.50 

2.00 

4.68 

m.o 

10.81 

9.81 

0.102 

0.55 

1.82 

19.4 

484.8 

22.00 

21.00 

6!o477 

0.60 

1.67 

43.2 

1080. D 

32.85 

31.85 

0.0314 

0.65 

1.5U 

128 

3200.0 

56.52 

55.52 

0.018 

5 

o.li5 

2.22 

o.6ia 

1.96 

49.0 

7.0 

6.0 

0.167 

0.50 

2.00 

5.38 

134.4 

U.6o 

10.60 

0.094 

0.55 

1.82 

14.5 

361.6 

19.02 

18.02 

0.0555 

o.6o 

1.67 

75.2 

1880.0 

43.40 

42.40 

0.0236 

6 

0.U5 

2.22 

0.6U 

4.54 

113.6 

10.63 

9.63 

0.104 

0,50 

2.00 

13.5 

337.6 

18.38 

17.38 

0.0576 

0.55 

1.82 

35.2 

680.0 

29.62 

28.62 

0.0349 

0.60 

1.67 

212 

5300.0 

72.70 

71,70 

o,ni4o 

7 

0.h5 

2.22 

0.658 

2.800 

70 

8.38 

7.38 

0.136 

0.50 

2.00 

19.3 

496 

22.30 

21.30 

0.0470 

0.55 

1.82 

37.4 

9)6 

30.60 

29.60 

0.0)37 

0.60 

1.67 

240 

6000 

77.60 

76.60 

0.0131 

0.63 

1.5J* 

320 

8000 

39.50 

88.50 

0.0113 

8 

0A5 

2.22 

0.637 

9. 20 

2)0 

15.2 

14.2 

0.070(4 

0.50 

2.00 

29.4 

7)6 

27.2 

26.2 

0.0)92 

o.'.5 

1.82 

86.4 

2160 

46.6 

4r.6 

0.0’19 

0.60 

1.67 

435 

iir>oo 

104.4 

103.4 

0.OO977 
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Bland 

Tol. 

»o. 

) 

9 

0.U5 

2,22 

0.50 

c'.OO 

0.55 

1.82 

o.6o 

1.67 

0.65 

1.SU 

10 

oJi5 

2.22 

0.50 

2.00 

0.55 

1.82 

0.6o 

1.67 

0,62 

1.6l 

U 

0.1i5 

2.22 

0.50 

2.00 

0.55 

1.82 

0.60 

1.67 

12 

0.k5 

2o22 

0.5o 

'  00 

0.55 

i.‘e2 

0.60 

1.67 

13 

o.US 

2.22 

0.50 

2,00 

0.55 

1.82 

0.60 

1.67 

0.63 

1.59 

Ui 

o.l»5 

2.22 

o.5o 

2.CJ0 

0.55 

1.82 

0.60 

1.67 

IS 

o.kS 

2.22 

0.50 

2.00 

0.55 

1.82 

o.6o 

1.67 

0.63 

1.55 

16 

0.U5 

2.22 

0.50 

t.oc 

0.55 

1.82 

0.60 

1.67 

0.63 

1.59 

\ 

0.667 

5.20 

130 

11.5 

288 

27.2 

680 

83.2 

2080 

20it 

51000 

0.662 

5.l»o 

126 

25.9 

61t8 

65.6 

I61i0 

11»7 

3675.5 

352 

8000.0 

0.671 

9.76 

23.7 

592 

57.6 

lUo 

176 

UUoo 

0.6U5 

7.20 

180 

18.2 

U56 

U9.6 

12J*0 

230 

5760 

0.686 

8.16 

20lt 

21.1 

520 

32.0 

800 

96.0 

2uOO 

205 

5130 

0.61i2 

9.92 

2U8 

23. U 

58a 

60.8 

1520 

3li6 

861t0 

0.676 

2.80 

70 

11.8 

296 

27.2 

600 

67.2 

1680 

99.2 

2li80 

0.662 

2.6U 

66 

11.0 

276 

25.6 

6lo 

B6.k 

2160 

131 

3280 

I 


U.!* 

lO.li 

0.0962 

17.0 

16.0 

0.0625 

26.1 

25.1 

0.0398 

U5.6 

liii.6 

0.0226 

225.8 

22U.8 

0.00665 

11.23 

10.23 

0.098 

25.50 

2li.50 

0.068 

1|0.50 

39.50 

0.0253 

60.61 

59.61 

0.0168 

93.80 

92.80 

0.0103 

15.61 

lii.6l 

C.0683 

2lj.ao 

23.2i0 

0.0628 

37.90 

36.90 

0.0272 

66. Uo 

65.1iO 

0.0153 

13. 

1.^ 

o.ooa> 

21.U0 

20.1iO 

0.0691 

35.20 

3li.20 

0.0293 

75.90 

7ti.90 

0.0136 

Hi. 28 

13.28 

0.0756 

22.96 

21.96 

0.0656 

28.30 

27.30 

0.0366 

Ji9.00 

liS.OO 

0.0208 

71.60 

70.60 

0.0162 

15.75 

lii.75 

0.0670 

2ii.0U 

23.06 

0.0633 

39.00 

38.00 

0.0263 

93.10 

92.10 

0.0109 

A 

7.39 

0  m  iX 

niiii 

16*26 

o!^13 

26.15 

25.15 

0.0352 

lil.OO 

60.00 

0.0250 

ii9.ao 

68.80 

0.0205 

8.1j 

7.13 

0.160 

16.62 

15.62 

0.0660 

cS.iiO 

?6.6Q 

0.0610 

Ii6.5') 

66.50 

0.0220 

57.27 

56.27 

0.0177 
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Figure  ^8 


EFFECT  OF  PARTICLE  SIZE  AND  SOLIDS 
ON  m  RELATIVE  VISCOSITIES  OF 
NH^CIO^  -  ORONITE  6  SLURRIES 
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Figure  22 


EFFECT  OF  PARTICLE  SIZE  A\D  SOLIDS 
ON  TIC  RELATIVE  VISCOSITIES  OF 
KH,CIO.  *  ORONITE  6  SLURRIES 


0 


Volume  Fiodion  of  Solids 
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An  irora^s  particla  size  of  1^0^  wis  rwlntained  in 
fornulatine  Blends  7-l6  in  order  to  maintain  a  Useful  burning  rate  range. 

Blends  7-12  were  made  up  uilii?  Tnrio«5  p*rtizla  oUtutao  Lo  give  the  iaOj^  arer- 
age.  Blend  11,  with  a  2  to  1  ratio  of  the  Iil9^  to  lli3^  particle  size  ICI^CIO^, 
gaTe  ionite  6  slurries  with  the  Icueat  relstlve  Tlscooit7, 

Blends  13-16  were  then  prepared  to  produce  variants  of 
Blend  11  witn  different  ratios  of  the  Ul9u  particle  size  NH^CIO^,  naln- 

taining  the  iSO^  particle  size  average. 

A  plot  of  0.  Ts  ratio  of  lil9ii  to  llJ8^4  particle  sizes  in 
the  blend  is  given  in  Figtire  2h  Including  that  for  Blend  11,  Blend  13  (1  to 
1  ratio)  had  the  highest  0^  and  will  be  used  for  propellant  studies.  It  is 
expected  that  some  additional  minor  modlficatior^  in  the  blends  will  have  to 
be  made  in  tlie  course  of  the  propellant  studies. 

C.  PHASE  II 

1.  L  reduction 

Phase  II  will  involve  preliminary  study  of  the  compatibility 
of  the  candidate  prepolyner,  curing  agents,  or  suitable  models  with  advanced 
oxidizers  and  fuels.  Hateriala  which  are  compatible  will  be  tested  in  pro¬ 
pellants. 

2,  Use  of  Modal  Systems 

The  use  oi  moael  compoxmds  to  study  the  chemical  interaction 
between  binder  components  and  oxidizers  or  fuels  has  proven  to  oe  a  powerful 
tool.  The  model  compound  allows  the  cnemist  to  carry  out  analyses  which  are 
difficult  or  impossible  to  achieve  with  the  prepolyners  arxl  curing  agents  used 
to  prepare  propellants.  The  result  is  that  not  only  are  incompatibilities 
uncovered,  but  information  concerning  the  nature  of  the  incompatibility  is  also 
obtained. 


The  modal  compound  or  compounds  should  be  a  low  molecular 
weight  replica  of  oom  structural  or  chemical  characteristic  of  the  prepolyiner 
or  curing  agent.  It  la  not  always  nece-^^a.ry  that-  .»  single  model  show  all  the 
characteristics  of  its  counterpart.  In  some  cases  it  is  expedient  and  con¬ 
venient  to  use  several  models  each  sho'^nr  <'nly  one  characteristic  of  the 
material  of  interest.  This  approach  has  been  used  in  this  program  whore  3 
model  comjoounda  are  used  to  describe  the  chemical  behavior  of  Telagen  S, 

A  useful  characteristic  of  the  model  compound  is  its  vola¬ 
tility  so  that  analysis  by  gas-liquid  chromatography  (GLC)  is  poselbla,  GLC 
la  a  vai’)  useful  method  for  discovering  and  studying  unexpected  che-nical 
interactions.  All  tna  models  used  in  this  program  have  tnis  property, 

3.  Model  Compounds 

Three  compounds  were  used  as  models  for  ths  hydroxy  terminated 
Telagen  S,  These  were  2-octr..iol  (J,  T.  Balcor  Chemical  Co.,  99^  pure  by  GLC), 
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l-decanol  (EaJt:nan  Kodak  Cc.,  whlt.«  label,  p-^re  b;/  GLC)  and  1,7-octadiene 
(Colu-Tibian  Carbon  Conpany,  used  as  received).  The  first  two  compounds  repre¬ 
sent  the  primary  and  secondary  hydroxy  of  the  potential  prepol^rtoer 

while  the  olefin  Is  characteristic  of  the  residual  ur.satiration.  In  a  similar 
fashion  the  carboxy  ternlnated  Telaren  S  was  repreiented  by  1-nonanoic  acid 
(Er.ery  Industries  Inc.,  redistilled,  b.p.  129“C/5  rr;;  purs  by  CLC),  :’-<!thyl- 
hexanoic  acid  (Union  CAibide  Corp.,  pure  by  GLC  and  used  as  received)  and  1,7- 
octadiena. 


Phenyl  isocyanate  (Eastnun  Kodak  Co.,  white  label;  redistilled 
b.p,  l66°C;  pure  by  GLC)  was  used  as  a  model  lsocyan.ate  and  the  solvents, 
n-hexane  (Fisher  Scientific  Co.,  8pecti-oar.aJyscd  grade)  and  toluene  (J.  T.  Baker, 
Reagent  grade j  distilled  from  sodium)  were  used  to  represent  the  hydrocarbon 
portions  of  Telagen  S>  Bibenzyl,  toluene  arxl  pherylcyclohexane  were  used  as 
internal  markers  for  the  GLC  studies. 

1 

In  addition  to  these  models  which  were  previoiusly  reported 
1-butyl  isor/anata  (Eastna.i  Kodak  Co.,  practical  prade,  redistilled,  b.p,  111- 
112° C )  a  nodal  iso'yarnte,  l-henzoyl-J-ethylaz: rid.ine ,  a  r.o-del  aziridine, 

1 ,2-epcx;ifcycloncxare  (Research  Organic  Chemicals  Co.,  C.P. )  x  model  epoxide 
and  propionic  (J,  T.  Baker  Chemical  Co,,  reagent  grade)  arid  hexanofe  (Matheson, 
Coleman,  and  Bell,  practical  grade)  acids,  model  carboxylic  acids,  were  used  In 
the  continued  studies  of  the  effects  of  advanced  fuels  and  oxidizers  on  binder 
ingredients.  The  aziridine  was  prepared  ly  the  reaction  of  benzoyl  chloride 
with  2-«thylaziridin«  and  distilled,  b.p.  '32-65°C  at  0.2  nm, 

U,  ^thod  for  Studying  Compatibility  of  Fuels  'with 
Model  uonoounns 


The  samples  were  pirepared  in  a  tared  1  dram  shell  vial  within 
a  weighir.g  bottle.  The  tared  bottle  and  vial  were  put  intc  a  dry  nitrogen 
atro8D>-ieric  box  wnere  the  fuel  sample  put  into  the  rhell  vial.  The  woighi.r.g 
bottle  was  sealed,  removed  from  the  dry  box  in  order  to  weigh  th.e  fuel  and  then 
returned  to  the  dry  box.  The  shell  vial  was  fitted  with  a  rubber  serum  cap 
after  introduction  of  0.5  ml  of  a  solution  containing  a  model  compound,  and 
removed  from  the  box  for  gas  chromatographic  anal;''3i8.  Chromatograms  for  some 
of  the  model  compounds  are  shown  in  the  pi'evious  quarterly  report  (AFRPL-TR- 
66-159). 


Storad  or  heated,  samples  we-e  sealed  into  2-ml  ampules  pre¬ 
pared  essentially  by  the  method  described  above. 

The  gae  chromatographic  analyses  were  oerformed  on  an  F  &  M 
Model  500  Gas  Chrom  ograph  equipped  with  a  katharometor  detector.  A  sample 
eize  of  lOj;  1  was  tujd  for  each  analysis.  Table  XIV  sh’-ws  the  column  cond:.tion3 
used  for  the  sepaiations.  Typical  chromatograms  are  3hr>wn  in  Figures  25-27. 


'c.  E,  Johnson  and  A.  J,  Di  Milo,  First  Quarterly  Report  Kj,  AFRPL-TR-66-159, 
Contract  AF  OK(6ll)-llUl‘5,  July  1966 
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CONHDENTIAL 


Tablt  m 

CHROUTOGRAHIIC  CONniTIC»S  FOR  AJiAJJSIS  OF 
HODEl  SYSrae  BY  GLC 


Matarlalfc 


Alconol- 

laocyanata 

Axiridiria- 

Acid 

Epoxide - 
Acid 

Column  Material 

U* 

2^ 

1« 

Ta«paratura,  *0 

75  -  225 

115 

100  -  225^ 

Heating  Rate,  •C/min 

21 

. 

Qaa  Flow,  al/mln 

100 

100 

60 

Injection  Port  Tamp,.  *C 

200 

175 

200 

Block  Tamp.,  *0 

300 

300 

300 

Bridge  Oarrent,  ra.a. 

ISO 

150 

150 

20%  DC  70S  on  80-100  nash  Diatooort  S 
.f  al,  5<  C«rbo,rcc  6000  on  S^Ioo  S 

d^.  *  •talnltio  ataal}  10%  carboirax  20M  on  6o-60  aash  UiMtanny^  a  * 
’^tapris.  loo“/3  in,  1S0«C/10  iln,  225*C  to"2. 

Tarw  Conpatlbillty  Studlaa  of  Modal  Acid. 

of  m.l  (^„.trt),  chr—  PMolTotoS  • 

carboxylic  acioj  ware  quite  unatabla  (Table  X7)  A  aanola 
.  ^:i  „,x„d  .uTficioot  p„.,L  .I 

Co«Patibillty  of  Hodal  Ifoc-^ar.M.  Cnmp - -  ^Ith 

Aaranced  Fuola  aM  CbcIdlzIFi - - - 

fd.1,  „c.iv.d“5'Si  h“7.T5^r?,rje*Ji:ri”  (iijafjjjr  ? 

loB,  Of  laocyanata  waa  UW-2  >  Ba  >  I2W-1 

..^Jcyl,  mad.  Uttla  dlff.ranca  in  atabllit;  thTfufli  SSt 
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T*bl»  IV 

mbs  {%)  (S  BIMDER  COMPdOTS  IN  COOTACT  WITH  ADVANCED  FUEIS 

(UNIHEATED) 

{3li  daya  g.t  5*^0) 


Cowponant _ 

a-Non«nolc  Acid 
2-Bthylhexanoic  Acid 

1- 0«euiol 

2- (X,t*nol 
l#7-0ct*dlent 


Fual/Ioraponant 


Weight  Ratio 

Be 

LMH-2 

2 

55.5 

li8.5 

100 

2 

U2.$ 

3l*.0 

100 

4 

0 

7.5 

1.0 

2 

0 

5.5 

1.0 

8 

5.0 

2.0 

Table  IVI 


lobs  (%)  GF  n-BLTTL  ISOCYANATE  IN  CONTACT  WITH 
advanced  fuels  (UNTREATED) 

(18  houra) 


Fuel 

Fual/Co«ponent 
Weight  Ratio 

Temp,  *0 

n  16 

IMf-1 

32 

5 

12 

Be 

13 

23 

33 

LKH.2 

9 

ho 

Table  IVII 

MSS  (X)  OF  ISOCYAHATB  IN  CONTACT  utth 
ADVANCED  FUEIS  AND  CXIDIZEHS 

(16  houre  at  50°C) 


Fuel  op 
Otldlzep 

C,HgNC0 

n-C^H,NC0 

um-1 

8.U 

12 

Be 

?6.o 

31 

um-2 

- 

iiO 

HAP 

- 

18 
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7.  CowpatlhiH  t.y  Binder  Gcarp^^ngr.ts  with  HAP 

Th#  study  of  model  binder  c.ynponent8  vitii  the  oxidieer  HAP 
Indleeted  thet  alcohols,  carboxylic  acids  and  unsaturatad  cctipounde  were  stable 
in  the  presence  of  HAP  but  n-butyl  ^socyanato  shoved  soae  Irjjtability  (see 
T-hle  mil).  It  should  be  noted  that  these  results  would  not  necessarily  be 
true  for  c ombir^itions  of  these  functional  groups.  It  has  been  reported  that 
allyllic  alcohols  are  incompatible  with  HAP, 


Table  X7J.II 

LOSS  {%)  CF  BIHDER  COMPONENTS  GW  HAP 
(after  18  hours) 


Coaponent 

n-Nonanoic  Acid 
2-EthyIhexanolc  Acid 

1- Dacanol 

2- Octanol 
1,7-Octadiene 
n-Butyl  Isocyanate 


HAP/Covpor,ent , 

Weight  Ratio  23*»C  5o°C 


n 


11 

8 

3 

28 

28 


0  0 

0  0 

0  0 

0  0 

3  h 

15  18 


8,  Compatibility  of  a  Model  Isocyanate  Curing  System 
^th  Ad-^ced  Fuels,  Qxidlier,  and  Mixtures  of 
Fuels  and  Oxidizer 

A  notial  isocyanate  curing  system  was  studied  in  the  presence 
of  beryllium,  IJlH-2,  HAP,  and  mixtures  of  HAP  aijl  advanced  fuels.  A  comparison 
with  a  control  experijaent  of  the  reaction  between  1-butyl  Isocyanate  and  2- 
octanol  indicated  that  the  presence  of  bory^llium  or  LMH-2  had  no  effact  on  the 
rate  of  formation  or  the  .xmount  of  the  urethane  product  {Table  III).  It  waa 
alss  noted  that  there  was  an  initial  loss  of  6%  end  17%,  respectively,  of 
isocyanate  when  beryllium  or  LMH-2  was  present,  Poeslbly  the  isocyanate  was 
reacting  with  a  small  amo’int  of  water  present  on  the  surface  of  the  untreated 
advanced  fuels.  As  indicated  previously  the  Isocyaxietas  were  not  completely 
unreactiva  in  the  presence  of  edvinc-d  fuels  (Tables  IVI  atai  1*11).  Losses 
of  Isocyanate  up  to  iiCS  were  obsoi^ed  in  the  presence  of  the  untreated 
advanced  fuel  when  no  alcohol  was  present.  The  greater  loss  of  liocyanata 
could  be  ascribed  to  horoopolymerltution  of  the  isocyanate  ano  the  reaction 
of  Isocyanate  with  water  to  form  carbavdc  acid.  The  subsequent  thoreial 
decomposition  of  the  carbamlc  acid  coula  produce  an  amini,  which  would  "eact 
further  with  the  isocyanate  to  form  a  urea  derivative,  and  carbon  dioxide. 

The  latter  poseibility  was  substantiated  by  the  fact  that  in  all  previous 
coopet  Ibllity  studies  of  Isocy irmtes  with  advanced  fuels  gki  fo-.-rsHticn  was 
observed. 
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Th«  oxMltwr,  KA?,  w*5  ar  citu'vi't  for  t'rr  f ;M;n 

of  ortt^uMt,  Tb«  reaction  ox  laocr&rAtt  and  2--oeta.nol  at  In  th« 

proaanco  ot  HAP  wai  aaMntlaliy  ecaplaW  aft«n'  h  hoTrrs  (T,tbl»'  U),  the 

8a7«  roactlen  xlthcut.  HAP  vas  orlj  Vi  coorl**’.*  (Tat.'o  X'-C',.  Tois  lao'',, 
reaction  Ln  the  prtBence  cf  HAF  vaa  conplct*  .^t<r  a^roiteu  at  a  t# ’ij-jratare 
of  23®C  indloitinf;  that  the  rtaetlon  at  50“C  »'a*  considerably  faster  (Tails  III,''. 


Yabis  X  n 

RATS  CF  itoUCTICH  OF  n-clTTL  ISXTaRTE  AHD  2-OCTAHCL 
IV  CCKTACT  Wirr.  ADVAVCED  TiiLLo  AT  5C®C* 


Control  ( no  a-lli  t  i  v  «  s ) 


TIm, 

R-NCO 

R-CH 

Prod 

E(R-0»*Proc) 

hr 

t 

JL_ 

% 

% 

0 

100 

100 

0 

loo 

U 

QU 

66 

10 

?6 

8 

7L 

21 

18 

51 

55 

37 

92 

2li 

h2 

lili 

liG 

93 

U8 

19 

21 

72 

93 

U 

80 

86 

15 

101 

8 

65 

70 

21 

91 

18 

U8 

57 

36 

V3 

2U 

36 

37 

i»7 

81i 

a8 

16 

23 

67 

90 

LfiH-2^ 

8 

70 

31 

21 

102 

18 

38 

$1 

li3 

?U 

2ti 

27 

37 

50 

87 

t  \ 

4a 

10 

23 

ov 

92 

®KCO  to  C'K  -  Itl  rquir Riant  ratio. 
®fu*l  to  coeiponotrt  weight  ratic  io 
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TUK  cr  HEiCTIOr  or  u-BOTTL  ISOCTAHAIS  AID  2-OCTASOL 
Dl  CCWICT  WITH  HAP  AND  WITH  A  KLH’jnS  (Ifl)  AT  HAP  AID  Bt 

AT  50^  C** 


HAP^ 


TlMf 

hr 

S-KCO 

_L- 

R-OB 

% 

Drathana 

Jl 

C(R-CR^Cratha]ia ) 

f 

!i 

7 

9 

6li 

73 

6 

6 

9 

6o 

69 

18 

5 

8 

63 

71 

2U 

li 

12 

6l 

73 

i*3 

a 

10 

6o 

70 

HAP-B#  Mlxtvsra^ 

It 

U 

IS 

56 

71 

8 

5 

20 

Itlt 

6lt 

18 

It 

28 

l;7 

69 

2it 

- 

18 

37 

55 

li6 

- 

13 

3it 

52 

TmCO  to  OR 
^olids  to 
Solid*  to 


•  Itl  ratio;  fer  ecntrsl  sss  TLils  lU. 

oomponiiit  rttio  la  2.2j1. 
ooi^Miit  ratio  ia  lil. 
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Ttbl*  XU 


^  2-OCrAIIOL  WITH  HAP 

WITH  A  KIITURI  (1:1)  OT  jiAF  ASD  3«  CR  L>(H-2  AT  23®C* 


HAP^ 

7  j*. 

isisl 

R-HCO 

% 

R-OH 

Droth&m 

E(RCHiUMthAn« ) 

0 

100 

100 

0 

100 

30 

52 

52 

33 

35 

60 

27 

32 

52 

6U 

90 

19 

23 

52 

66 

150 

12 

U 

58 

7? 

210 

1610 

lli 

13 

lu 

12 

59 

50 

73 

62 

HAP-B»  Wlrtarn^ 


30 

77 

80 

16 

60 

60 

72 

3S 

90 

32 

32 

1:6 

150 

U 

21 

U7 

210 

26 

27 

W: 

1610 

21 

3? 

liO 

96 

107 

78 

68 

71 

72 


HAP-I/C^-2  KlxtJT*^ 


30 

60 

72 

52 

79 

70 

8 

15 

87 

85 

90 

ICrt 

50 

65 

t  « 

17 

V,7 

82 

210 

I6l0 

15 

13 

UJ 

37 

31 

20 

20 

17 

53 

57 

1*8 

^■-0  to  CH  ■  1:1  fqulvaiitit  ratio. 

^olid  to  oosponent  weight  ratio  !•  2.eil. 
Solid  to  ooapomnt  weight  ratio  la  1:1, 
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Th«  a*in  dlff«r«nc*,  basidae  catalyeli,  in  tha  r«..ttiori  of 
iaocyanata  vitb  alcohol  in  th«  praaanca  and  abaanca  of  HAP  waa  tha  snount  of 
urethana  thAt  vaj  found  In  aolvtion.  In  both  oaaaij  with  arxl  without  HAP, 
tha  raapactlra  cona'jsptlon  of  laocjanata  and  alcohol  wara  approxlMtoly  aqual 
indicating  a  etoichio»atric  raaction.  The  obserraticn  of  less  urethane  than 
axpactad  for  tha  extant  of  raaction  vhan  HA?  was  praeant  (Tablaa  IX  and  HI 
rdght  ba  cauaad  b/'  adsorption  '  tha  urathana  on  tha  anrfaca  of  HAP, 

Tha  cochination  of  an  advancad  fuel  and  HAP  dacreasei  the 
rate  of  the  isocyanate-alcohol  reaction.  As  »  result  ti-ara  vis  an  irxrs.-i.ied 
lors  of  Isocyanate  to  side  reoctlcns  ard  a  corfli Jarabla  decrease  in  the  detect¬ 
able  ajnount  of  urethane  product  (Tablos  LX  and  XXI). 

9.  The  Rffect  of  Drying  3e  yd  LHK-2  on  Corspatlbility 
with  a  Ho<lal  Isocyanate  lurir^g  Systea 

Initial  loss  of  n-batjl  isocyanate  in  the  isocyanate -alcohol 
reaction  in  the  presence  of  chrom  pas  (^iTatad  Be  and  IAfl-2  was  ascribed  to  the 
lide  reaction  of  isocyanate  with  wate".  Tha  anount  of  isocyarista  lost  to  this 
side  raaction  was  small  hut  comparison  with  dried  saaples  of  cnrona  pasetvatad 
Be  and  IA<H-2  showed  a  coiaclete  reduction  of  this  loss  of  isocyano.to  on  Pe  aril  a 
rcducticn  of  thw  loss' on  LMH-d  (Table  XXII). 

10.  Co.Tipatlhil: *7  of  .l.'d-jl  Aziri'iins  and  Spor/  Co,"-rv:urd3 
with  Advorxed  rt^al.s  ».r.d  Cxlcicers 


Solutions  of  tha  virious  aodel  compounds  were  added  to  the 
solid  fuel,  oxiditer  or  mixture  of  the  two  and  periodically  cnnlyted  by  gas 
chrooiatography  for  concentration  changea, 

l-Ben3oyl-2-«thylaTiridlne  and  1,2  apoxyhexane  were  compat¬ 
ible  witli  LKH-1,  chrome  paesivatad  Ba  and  U<H-2  at  50'C  for  18  hours  (?.-»ble 
XXIII),  Both  compounde  were  incompatible  with  HAP  at  23“  for  18  hours.  The 
reaction  of  ^-hc  aziridina  and  epoxide  with  an  appropriate  carbo.x:'llc  acid  was 
very  slow  at  23“ j  thus,  the  loss  of  both  compounds  was  probably  due  to  a  HAP 
catalyzed  horaopolymarization  (Table  XXIV), 

Binder  systams  utilizlr.g  aztridinee  and  epoxides  of  tha  model 
types  used  in  this  study  would  not  be  practical  when  used  with  the  oxidizer  HAP. 

11,  Compatibility  of  Telagen  S  aral  Curing  Agente 

witn  Adranced  Fusia 

A  mixture  of  hydroxyl  teminated  Tslagen  3  and  untreated 
I>W-1  showed  gas  trubbles  when  kept  at  135“?  for  four  days.  Ho  bubbles  or 
otiier  reactioris  ware  obserred  in  mixtures  of  the  prepolyror  with  chroi^  coated 
Ee  or  of  the  prepolyrser  and  untreated  after  20  deys  at  135“F.  Sladlar 

resulte  were  obtained  in  mixturea  of  the  isocys’mtes  ii5d  advsncsd  fuels,  A 
mixture  of  HDI,  CTl  and  lACl-l  showed  gus  bubbles  when  stored  13'3®F  for  ll. 
days.  Similer  mixtu\'«s  using  chrowe  coated  Be  ant  I>iH-2  gsve  no  exider-re  of 
gas  esolution  under  Uie  8*xns  corditl  ons. 
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T«M«  nn 

THE  EFFECT  CF  nRrL*5a*  B«  AHD  IiH-2  OK  CCHFATISILITI  WITH 
n-BiriTL  BOCTAKITE  AXD  2-OCTiJfOL  AT  50®C 


Run  Ho. 

TIm, 

hr 

ChramatoaratAi.5 

RKCO  ROH 

Araaa 

Total 

RUCO 

Daviation 

from 

Control 

1 

8 

Control 

869 

UkO 

2109 

ia.2 

Ba 

687 

1060 

17U7 

39.3 

1.9 

629 

1072 

1701 

37.0 

tt.2 

2 

k 

Control 

787 

820 

1607 

l»9.0 

Ba 

735 

781t 

1519 

liS.li 

0.6 

LMH-2 

65U 

791 

lii]i5 

li5.3 

3.7 

Ba  (drlad) 

729 

7li7 

lli76 

li9.3 

«0.3 

IiH-2 

(driad) 

697 

775 

1172 

li7.U 

1.6 

%  «nd  lJK-2  drl«d  oT®r  P.O,  at  8(J»C  and  1  ai  raettua  for  72  hourt. 


TabXa  nill 

COHPlTIBILITr  Cf  1|2'-SFQZTHEXAJ(S  ADS  l-BRK20rL-2-I5THriA2IRIDIMS  WITH 
A07AIICSD  FUELS  AID  OUDJZSR* 

(18  houra  at  50"C) 


Ipoalda 

Aziridlna 

f 

Control 

i»9.1 

67.5 

It 

b9.8 

68 

UB-l 

50,6 

69 

UIH-2 

Ji9.3 

68 

Ba  ♦  HAP 

0 

1I1I-2  ♦  HAP 

0 

RAP 

22.78,0 

baaad  on  aua  of  aarkar  and  compound  liatad, 
^631  of  this  waa  oxaaollnts. 

At  tiXl»  aiia'ldina  of  Khich  kdS  waa  oxaaoLLnaa, 


-6l- 


COMFISENTIAL 


T*bl*  UIV 

CCHPATIBILITT  CT  l,2^PCIIH2Li>E  ♦  REIANCIC  ACID  ASD 
l-iffiK«nTr-2-i3KYaiIRIDISE  4  PROPIONIC  ACID  WITH  HA?* 


Taap,  ®C 

Asiridina 

Acid 

% 

Xpoj^da 

Acid 

-_L 

Control  23 

58.4 

39.8 

35.6 

59.8 

50 

- 

- 

33.0 

59.5 

HAP  23 

13.6^ 

36.2 

27.5 

59.8 

50 

- 

- 

3.6 

56.5 

^Percents  'o«Bfld  on  atsn  of  ncrkcr  and  ooapound  Hatad. 
2-nie  nyl4i -athyloxa*  olina . 


While  anarfetie  plasticixara  TMKTI  (CHjC[CH,ONO,^ )  and 
MQOC  (0^0CH,CH,0CC1ICN0,]CH,  )  inhibit  tha  enra  of  bindara,  the?  did  not 
praTont  tha  cure  of  propellanta  fomilatad  with  thaa. 

Biadar  aaaplaa  containing’  IMR>1  gara  axldanca  of  foaaii^ 
during  a  US'*?  cura.  Saaplas  vjth  chroaM  coated  Ba  and  LNH*2  did  not  foaa 
and  cured  within  5  days  at  135*?.  lapact  aanaltlTitlaa  of  tha  abora  aanplaa 
wara  greater  than  100  ca/2  kg  weight,  the  Halt  of  tha  apparatus  used. 

Propellant  nlxturas  were  prepared  using  tha  candidata  bindar 
and  tha  adranced  fuels,  T>rTN,  KEMJC  cr  IDP  were  used  as  the  plasticisers, 
along  with  NH^ClO^  aa  tha  oxldisar.  All  propallante  cured  after  three  days 
at  135°?<  Mo  foaaing  waa  obaerred  in  the  small  (O.S  ga)  samples. 


^2. 


C0HFI3£NIiAL 


COHFiDtHTUL 

_ CO!JU::-'.!.7HL _ 

_  S<^unty  CliHif .c-'t-ori 

DOCUMENT  COKTROL  DATA  •  BtD 

f9^^t4rT  r  •ultra  Cl  mn/ti  !>•  •*>'  -^an  l^•  a «» rat  |  r^parl  la  «  la^  affiatf  ‘ 

I  OMICtoAriM-.  ACrivi*>  'C^r^ra**  •«..>er>  laAA^OHTtcCM.WiTTCc^At'iCar'Ox 

Aerojrt-Goraril  Corporation  ConTlttontlal _ 

P.  0,  Bcnr  158U7  >*  »»our 

Sacrawnto,  California _  Group  IV _ _ 

3  TITLI 

(v)  THZ  evaujati^.:  cp  a  HYEhcCA:'.«^N  bim:-?.  for  high 

ENERGY  SCUD  f¥. jf^LLAItTS 

4  OCtC^l^TtvC  HO^tt  (Tr^  al  fpoH  fr»cluat»«  4st0») 

Sac  ir,d  Cuartarly  Report  -  LL  Jtine  to  Ij  Saptanbar  19^ _ 

t  'Laa*  naMta.  //r«f  n aa»a  infitai) 


Di  Kilo,  Anthor^y  J. 
Johnson,  Duana  E. 


I (  at rc  •T  ;»-t 

!  Octobsr  1966 _ 

Sa  CarxTaACTOrfSAAH"*.^' 

Contract  AF  0Ji(6ll  )-.1.1jL19 

>»  <C  ▼  NO 


70  total.  NO  ri*  AAail 


•  a  OMaiNATOH'i  a  r  a  •  A 


7h  NO  Of  mwf 


AFRPL-TR -66-257 


c  llAO^NiAHJ^oATMO'fJ'Anf  aiAar  iwaaihaft  Mai  a«af  Aa  aaaf#*ad' 

1  0ifa  w^aitJ  j 

_ !  1030-813-2 _ 

19  A vAiLAaifTY/LiMiTATiox  MOTicei  In  addition  to  aecvirtty  requirejants  which  .Tust  bs  .at, ! 
this  docuaant  is  subject  to  special  export  controls  and  each  transmittal  to  | 

foreign  goverraaents  or  foreign  nationale  may  be  made  only  with  prior  aooroTaJ 
of  AFRFL  (KFFR-STINfQL  Edwards.  CallTortiia  9^523 _ 11 _ 

II  lureL entMTAAT  KOrfi  il  irONioeixo  kilitaav  activity 

1  Air  Force  Rocket  Prcpulslon  Laboratory 
Research  and  Technolcgy  Division 
Eduardo,  California 

_ '  iVlr  For6a  oyst^r-i  u _ _ 

11  AesTAACT  United  States  Air  Force 

(U)  The  investigation  and  characterization  of  the  saturated  hydrocarbon 
binder  developed  under  Contract  AF  0li(6ll)-x0386  for  use  in  solid  rocket  propel¬ 
lants  were  coTtirued.  Forty-five  pounds  of  a  secondary  hydroxy  tenairated 
Telagen  S  were  delivered  to  Aerojet  and  characterized.  Functionality  deteradrad 
from  the  crosslink  density  of  a  binder  (1.9)  is  higher  than  that  H»r«rrlned  free: 
ths  aoiicul^i"  weif^t  to  eq’ilvaient  weight  ratio  (1,65).  The  difference  may  be  due 
to  nonfunctional  units  in  the  prepolyaar,  Aluailnuin  metal  does  not  interfere  with 
cure  stoicnlomotry  of  "workhorse"  prcpellai.ts,  but  the  interference  of  certain 
plasticizers  was  further  demonstrated.  Binders  were  .Tiade  from  the  Telarun  S 
prepolymers  anJ  characterized  by  vuiiaxial  tensile  behavior  at  77®F,  efrues  relax¬ 
ation  at  77®  ajxl  150®F,  coiupression  after  swelling  in  toluene,  geJ  »nd  eol 
fractiorjs,  and  Mooney-R.ivlir',  cons+ants.  Ur«ar  relations  viro  demonstrated  be¬ 
tween  the  gel  fraction,  the  Mooney-Rlvliii  C  cor^tant,  the  crosslink  density,  and 
the  logarittes  of  the  initial  uniaxial  tensile  mod.jVi' ,  .-vf'llJnr  s'ud'.cs  in  a 
l.arra  numli-r  of  aulvencs  liviicuts  u  C£D  value  of  about  Oo  for  the  binder.  Pro¬ 
pellants  were  made  cn  a  LOiD-gp;  scale  and  wero  cr.aract.orlzed.  The  p’njssure  expo- 
Tont  for  burr.ing  ra^a  waa  0,7  for  these  pratellanis  (68  wtjt  solids).  The  reiativo 
viscosity  cf  HH^CIO.  Oronite  6  slurries  wss  at  a  ninlirjun  for  cm  ox.idi.ier  blend  of 
38. 32.10%  and  32.10%  by  weight  of  particles  averagin.-  6,  1L8,  and  lil9.ji 
reepTctivaly.  This  blend  was  selected  to  prepare  a  high  aoLlda  loaded  propella.- 
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